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INFANTILE CORTICAL HYPEROSTOSES 
PRELIMINARY REPORT ON A NEW SYNDROME* 
By JOHN CAFFEY, M.D., W WILLIAM A. SILVERMAN, M.D. 

NEW YORK, NEW YORK 


TN 1939, one of us (J.C.) described the 

case of an infant with multiple cortical 
hyperostoses scattered in the tubular bones 
of the extremities and the ribs and clavicles 
whose clinical and laboratory findings did 
not seem to be consonant with any recorded 
disease.® The causal agent of the disorder 
was not determined but it was clear that 
the patient suffered neither from scurvy 
nor syphilis, infantile diseases in which 
multiple cortical thickenings are commonly 
found. 

Since that time we have studied 3 addi- 
tional patients with similar manifestations 
whose combined clinical and roentgen find- 
ings appear to constitute a new infantile 
syndrome. The principal features of the 
disorder include: onset in the early part of 
the first year; tender swellings in one or 
more of these sites — face and jaws, scapular 
regions, and extremities; and multiple scat- 
tered hyperostoses demonstrated roentgen- 
ographically in bones adjacent to the tender 
sweliing;s and also in several other bones 
whose overlying soft tissues appear to be 
normal, clinically and roentgenographi- 
cally. 


CASE REPORTS 

Case i (B.H. No. 547,799). The patient, a 
male infant, was born on February 12, 1938. 
The mother had enjoyed normal health during 
the pregnancy and apparently had eaten foods 
which contained adequate vitamins. Delivery 
was spontaneous; birth weight was 3.2 kilo- 
grams. During the first ten days he sucked at 
the breast and thereafter received a variety of 
formulas made from whole milk, Biolac or 
evaporated milk. Orange juice, 10 drops daily, 
was begun during the fourth week and was 
gradually increased until the seventh week, 
after which he received i tablespoonful daily. 
Hot water was often added to the orange juice 
and much of the juice was said to have been 
vomited. Oleum percomorphum, 5 drops daily, 
was given from the fourth to the ninth week 
and Drisdol, 3 drops daily, from the ninth to the 
twelfth week. 

The infant thrived until the seventh week 
when he became hyperirritable and feverish; 
thereafter he lost his appetite, failed to gain 
and cried out when the left leg was handled. 
A few days after the onset of hyperirritability 
and fever, both legs became tender and the 
lower extremities showed little spontaneous 
movement. Moderate fever persisted until 
hospital admission, reaching a level of ioi°F. 


* From the Pediatric Department, College of Physicians and Surgeons, Columbia University and the Babies Hospital, New Fork. 
Read in summary before the Pediatric Section of the New York Ac.ademy of Medicine, March 8, 1945. 
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daily. Four days before admission the left leg 
became visibly swollen. Swellings were not 
recognized in the cheeks or ja%ys. 

In the physical examination made at ad- 
mission when the infant was twelve weeks 




Fig. I . Case i. Spot map of the skeleton in which the 
heavily siiaded bones are the sites of hyperostoses. 
The most m.arked changes are located in the 
clavicles and femurs. The epiphyseal ossification 
centers and the round bones are not affected. 

of age, the temperature was found to be normal 
and he did not appear to be ill. The extremities 
moved freely. 'I’he swelling of the left thigh was 
still visible but was not fender and showed no 
signs of inflammation. There were no hemor- 
rhages in the conjunctivae or mouth, 'fhe lower 
pole of the spleen was palpable. The multiple 
skeletal thickenings revealed later by roentgen 


examination were not recognized in the first 
physical examination. The Mantoux test gave 
a negative reaction. 

The Kahn test for syphilis was negative on 
the infant’s blood and cerebrospinal fluid and 
on the mother’s blood. The number of red blood 
cells and the hemoglobin content were normal, 
4.7 million per cu. mm. and 71 per cent respec- 
tively; in several examinations the average 
leukocyte count was 13,000 per cu. mm. and 
the polymorphonuclears varied between 15 and 
57 per hundred, the lymphocytes between 40 
and 84 per hundred and the monocytes between 
I arid 8 per hundred. The bleeding and clotting 
times were normal; the blood platelets averaged 
600,000 per cu. mm. Determinations of ascorbic 



Fig. 2 . Case i. Roentgenogram of the lower extremi- 
ties at fourteen weeks of age. Massive irregular 
cortical thickenings are visible in both tibias and 
the left femur; their externa) margins are irrcgular, 
A smaller smooth hyperostosis covers the right 
femur. The cortex in the terminal segments of the 
shafts, however, is not thickened and the me- 
taphyses show no changes suggestive of scurvy. 
There are no scorbutic changes in the epiphyseal 
ossification centers. The soft parts of the left thigh 
are thickened. The overlying subcutaneous fat, 
however, is not involved. 
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A B 

Fig. 3. Case 1. Roentgenograms of the thorax; A^ at twelve weeks of age; R, at fourteen weeks. In thick 
hyperostoses surround the clavicles; also several ribs on both sides are thickened and sclerotic. There is, 
however, no roentgen evidence of pleural exudate at this time. In B the pleuras are thickened on both 
sides. The liquid removed from the right pleural space contained 500 monocytes per cu. mm.; no bacteria 
w ere found in smears or cultures. 


acid disclosed low concentrations in the blood 
and high concentrations in the urine. The 
excretion of large amounts of ascorbic acid in 
the urine was interpreted to be inconsistent 
with active scurvy. Tests for heterophile anti- 
bodies in the blood resulted in negative reac- 
tions as did agglutination tests for the typhoid- 
dysentery group of bacteria (Shiga, Flexner, 
Sonne, paratyphoid A and B), and for 5 . 
mclitensis and B. abortus. Samples of blood 
cultured in aerobic and anaerobic media yielded 
no bacterial growth. In several examinations 
the sedimentation rate of the erythrocytes 
varied from 33 to 99 mm. durijig one hour. 

The blood serum contained normal quanti- 
ties of calcium and phosphorus. The serum al- 
bumin and globulin were present in normal 
amounts and in normal proportions. There was 
164.3 of total cholesterol in 100 cc. of 
blood; the cholesterol ratio (ester-free) was 
a. 1 2. Resistance of red blood cells to salt solu- 
tions was normal. 

The urine was normal in four examinations. 
Occasional erythrocytes were found in the 
microscopic examinations but there was no 
significant hematuria. 

Pathogens were not recovered in cultures of 
the feces and five guaiac tests for blood resulted 
in negative reactions. 

Roentgenographic examination of the skele- 
ton disclosed scattered hyperostoses in several 
bones (Fig. 1): in the mandible, both clavicles. 


the right humerus, several ribs, both femurs 
and both tibias. The most conspicuous changes 
were found in the femurs, which were sur- 
rounded by considerable soft tissue swelling 
(Fig. 2). There ivere no changes suggestive of 



Fig. 4. Case i. A more detailed view of the costal and 
pleural changes in Figure 3R. The costal thicken- 
ings are most pronounced in the lateral arcs but 
the posterior segments are also thickened. 
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Fig. 5. Case ii. Photograph of the face at six months 
of age— four months after the first appearance of 
the facial swellings. The right cheek and the right 
side of the jaw are swollen. 

scurvy in the metaphyses or the ossification 

centers in the epiphyses. 

The patient remained in the hospital for four 
weeks. During the second hospital week when 
the infant was fourteen weeks of age and seven 
weeks after the appearance of the initial symp- 
toms, pleural exudate appeared in both pleural 
spaces (Fig. 3 and 4)- The pleural fluid which 
was removed from the right pleural space con- 
tained 500 monocytes per cubic millimeter; no 
bacteria were found in direct smears or cultures 
of this liquid. Fever accompanied the appear- 
ance of pleuritis; the temperature increased 
daily to levels of 100 or 101° F., during the 
interval between the tenth and twenty-third 
hospital days, after which the fever subsided 
and did not recur. 

A piece of the thickened right clavicle was 
removed during the third hospital week. Micro- 
scopic examination disclosed only hyperplasia 
of normal lamellar bone, There was no evi- 
dence of old or recent inflammatory exudate or 
subperiosteal hemorrhage. 

The course of the disease was benign after 
the patient came under our observation.^ Save 
for the development of monocytic pleuritis and 
its concurrent short febrile episode, there v^re 
no new active clinical manifestations. The 
swelling of the left thigh subsided gradually and 
never showed signs of suppuration. I he infant 


was free from symptoms when he left the hos- 
pital at sixteen weeks of age and has remained 
asymptomatic. The Kahn test for syphilis was 
repeated at five months of age and resulted in a 
non-syphilitic reaction. At this time the bone 
lesions were still visible roentgenographically 
but showed distinct improvement in comparison 
with the earlier findings. In an examination 
made when the patient was six years, eight 
months of age he was normal clinically and his 
skeleton appeared to be normal roentgeno- 
graphically. 

Case ii (B.H. No. 591,351)- The patient, a 
male infant, was born on May 3, 19393 after 
cesarean section. He weighed 4 kilograms at 
birth. The pregnancy was uneventful and the 
maternal diet during gestation had apparently 
been adequate. Blood tests on both parents 
gave non-syphilitic reactions. The infant was 
healthy and developed normally during the 








[G 6 . Case ii. Photograph of the r^ht forearm at 
six months of age-three months after o"®"^ 
tenderness and swelling of the J 

right forearm is diffusely swollen and the fullness 

of the right check is evident. 
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first two months. Orange juice was added to the 
diet at the end of the first month; i to 3 ounces 
had been taken daily. Cod liver oil was given 
daily after the third month. xA.scorbic acid and 
viosterol were given after the onset of symp- 
toms in daily dosages of too mg. and 1 5 drops 
respectively. 

During the eighth week, tender swellings 
appeared in both cheeks and both sides of the 
jaw and a low grade fever developed. The family 
physician suspected that the patient was suffer- 
ing from bilateral parotitis. The swellings and 
fever persisted. Diiring the twelfth week the 
temperature increased, reaching levels of 101 



thickenings. In contrast to Case i, the clavicles are 
not affected and the forearms are the site of the 
largest hyperostoses in the extremities. 


to io 3°F. daily; at the same time the swellings 
of the cheeks enlarged, extending upward as 
far as the orbits, x'^fter admission to another 



Fig. 8 . Case 11. Massive cortical thickenings of the 
right radius and ulna at five months of age; the 
bones of the hand are not involved. The absence 
of metaphyseal changes suggestive of scurvy is 
noteworthy. Similar changes were found in the left 
forearm. 

hospital, the fever continued for several days 
when it suddenly subsided and simultaneously 
the facial swellings began to diminish. Roent- 
genograms of the jaw were interpreted as nor- 
mal and Kline’s test on the blood gave a non- 
syphilitic reaction. 

During the seventeenth week of life tender 
swelling of the right side of the face recurred 
and both forearms became extensively swollen 
and tender. At readmission to the same other 
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Fig. 9. Case ii. Lateral roentgenogram of the man- 
dible at four months of age, two months after the 
first appearance of facial swelling. The mandible 
is diffusely thicliened and is sclerotic. There is no 
evidence of bone destruction. 

hospital, the only abnormal clinical findings 
were the aforementioned swellings which 
showed no increase in local heat, no hyperemia 
and no evidence of subcutaneous hemorrhage. 
The temperature at this time w^s normal. A 
Rumpel-Leede test for capillary fragility gave a 
normal reaction. The urinary findings were 
normal; there was neither gross nor micro- 
scopic hematuria. The erythrocytes were de- 
creased to 2.2 million per cu. mm.; the hemo- 
globin measured 63 per cent. The leukocytes 
numbered 6,000 per cu. mm.; 51 per hundred 
were polymorphonuclears. Serum calcium, 
serum phosphorus, and phospliatase were nor- 
mal. Roentgenograms made when the patient 
was seventeen weeks of age showed massive 
cortical thickenings of the ulnas and radiuses, 
the sternal ends of the ribs and the mandible. 
Similar but less pronounced changes were 
demonstrated in the humeri, femurs and tibias. 
During the latter part of his six weeks’ resi- 
dence in that hospital the temperature ranged 
irregularly between 98 and lo!°F. and the swell- 
ings of the forearms decreased slightly. Me ate 
and slept normally and was comfortable when 
not disturbed by handling. 


At five and one-half montiis of age the pa- 
tient was transferred directly to the Babies 
Hospital. On admission he was found to be well 
nourished and appeared to be comfortable. The 
jaw and both forearms were, however, still 
visibly swollen (Fig. 5 and 6). The mandibular 
swelling was smooth and stony hard; it was 
most prominent at the angle of the mandible 
on the right side. There was no fullness in the 
parotid region. The regional lymph nodes in 
the submaxillary region and the neck were 
not enlarged and the mucous membranes of the 
conjunctivae and mouth were normal. The dif- 
fusely swollen right forearm was of a firm con- 
sistency and was non-tender. There was some 
limitation of motion of the left forearm but 
there was no tenderness or pain and the move- 
ments in the remainder of the body were 
normal. The right wrist was 13 cm. in circum- 
ference and the left wrist 1 1.5 cm. In the labora- 
tory examinations the blood hemoglobin, the 
blood cells, urine, serum calcium and pho.s- 
phorus, and sedimentation rate of erythrocytes 
were all found to be normal and Kline’s test 
on tlie blood resulted in a non-syphilitic re- 



luG. 10. Case It. Dorsoventr.'il projection of the right 
hemithorax which shows pleural thickening anti 
costal cortical hyperostoses at five months of age. 
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action. The serum contained 22.6 Bodansky 
units of phosphatase. 

Roentgenographic examination of the skele- 
ton disclosed multiple hyperostoses with the 
distribution depicted in Figure 7. In contrast to 
Case I, the largest hyperostoses were in the fore- 
arms (Fig. 8), and the clavicles were not af- 
fected. The changes in the mandible (Fig. 9), 
on the other hand, were much greater than in 
Case I. Heavy pleural shadows similar to those 
seen in Case i were demonstrated on the right 
side (Fig. 10). Thoracentesis was not done and 
the nature of the pleural exudate was not de- 
termined. 

No new manifestations developed during a 
hospital residence of eighteen days; the tem- 
perature was normal. The swellings of the fore- 
arms were subsiding at the time of discharge; 
at no time did signs of inflammation appear in 
these lesions. There was no recurrence of signs 
or symptoms later. The roentgenographic 
changes in the skeleton gradually diminished in 
size and density but were still visible in the 
radiuses and ulnas at ten months of age. The 
clinical and roentgenographic findings were 
normal in a follow-up examination at five years 
and five months of age. 

Case hi (B.H. No. 749,486), a male infant, 
was born on February 24, 1944, after a normal 
spontaneous labor and weighed 2.6 kilograms. 
The gestation was uneventful and the ante 
partum diet was adequate and balanced. Dur- 
ing the first two months of life, the infant was 
healthy and gained normally. Orange juice and 
oleum percomorphum were given after the 
second month. 

During the eighth week the “nose became 
stuffy”; fever was not recognized at this time 
and there were no constitutional symptoms. 
After several days the “nasal stuffiness” dis- 
appeared. During the tenth week, the mother 
observed that the infant’s right cheek was 
swollen. One week after the appearance of this 
swelling the baby became hyperirritable, rest- 
less and refused food; the temperature was not 
taken but he did not appear to be feverish to 
the parents. The facial swelling and hyper- 
irritability persisted for several days when 
roentgenograms of the jaws were made by the 
family dentist, who referred the patient to an- 
other hospital for investigation of a tumor of 
the mandible. 

In the admission physical examination 
there, when the patient was twelve weeks of 


age, the abnormal findings included generalized 
pallor and swelling of the right side of the jaw. 
A hard mass attached to the right side of the 
mandible was palpable. Examination of the 
blood disclosed that the hemoglobin was re- 
duced to 46 per cent and the erythrocytes to 
2.3 million per cu. mm.; the leukocytes num- 
bered 14,000 per cu. mm., there were 64 poly- 
morphonuclears per hundred, 30 lymphocytes. 



Fig. II. Case in. Photograph which shows the 
swelling of the right cheek at four and one-half 
months of age, two months after its first appear- 
ance. 

4 monocytes and 2 myeloblasts. Occasional 
leukocytes were found in the urine but no red 
blood cells. The serum calcium and phosphorus 
were normal; there were 24.2 units of alkaline 
phosphatase. Irregular elevations of tempera- 
ture occurred in the hospital; recurrent fever 
of 100° F. developed and lasted irregularly for 
periods of forty-eight or seventy-two hours. 
Approximately one week after admission, a 
swelling of the left scapular region was seen for 
the first time. Roentgen examination revealed 
hypertrophy and sclerosis of the right side of 
the mandible, the left scapula, the left clavicle 
and cortical thickenings of several ribs and in 
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the tubular bones of the upper and lower ex- 
tremities. The pleural layers on the lateral mar- 
gin of the left lung were thickened. 

At four months of age, six weeks after the 
first appearance of the facial swelling, the pa- 
tient was admitted to the Babies Hospital. He 
was found to be well nourished and had a waxy 



Fig. 12, Case iii. Spot map of the skeleton in which 
the shaded bones are the sites of cortical hyperos- 
tosis. The hyperostoses were greatest in the mandi- 
ble, clavicles and left scapula. 

papular eruption of the face which resembled 
seborrheic dermatitis. The right cheek and right 
side of the mandible were swollen (Fig. n).The 
swellings were not tender at this time and the 
mandibular movements were not limited. The 
left clavicular and scapular regions were swollen 
but were not tender. The movements of the ex- 


tremities were free and there was no swelling 
or tenderness in the arms or legs. The results in 
blood count, the urinary findings, bleeding 
time, clotting time and prothrombin time were 
all normal. The serum phosphatase was ele- 
vated to 45.8 Bodansky units; the serum cal- 
cium and phosphorus were normal. Culture of 
the blood yielded no bacterial growth. Kline’s 
test on the blood gave a non-syphilitic reaction 
and the tuberculin test on the skin was nega- 
tive. Agglutination tests of the blood for the 
typhoid dysentery group of bacteria resulted 
in no reaction and also for the organisms of 
brucellosis and cholera. In the roentgen ex- 
amination, hyperostoses were demonstrated in 
the mandible, left scapula and clavicles (Fig. la 
and Jj). The costal changes and the pleural 
thickening which were visible in roentgeno- 
grams made earlier at twelve weeks of age had 
disappeared completely. 

The patient remained in the hospital for 
three weeks and was asymptomatic during this 
period. The mandibular and scapular swellings 
persisted unchanged. During the third hospital 
week a portion of the left scapula was removed; 
in the microscopic examination hyperplasia of 
normal bone was found. There was no evidence 
of inflammatory exudate or subperiosteal 
hemorrhage. 

The swelling of the face and shoulder gradu- 
ally diminished and had disappeaed com- 
pletely at one year of age. In the roentgeno- 
grams made at this time the shadow of the left 
scapula was still slightly enlarged; but the pa- 
tient was normal clinically. 

Case iv (B.H. No. 612,819), a male infant, 
was born after a normal gestation and labor on 
January 25, 1940; he is reported to have 
weighed 4.8 kilograms. A formula made from 
evaporated milk was started at birth; cod liver 
oil with oleum percomorphum, one teaspoonful 
daily, and ascorbic acid, 25 mg. daily, were 
fed soon after birth but the exact time of be- 
ginning them was not ascertainable. 

At birth a soft swelling was seen in the an- 
terior portion of the neck which was thought to 
be a lipoma by the family physician. This 
cervical swelling is said to have gradually 
diminished in size during the first few days of 

life- , 1 

At about two weeks of age, swelling of tne 
right scapular region and limitation of motion 
of the right arm at the shoulder were noted- 
The scapular mass was firm and tender but 
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Fig. 13. Case in. Roentgenograms of the thorax at twelve weeks of age, A: and sixteen weeks, B. In A the 
soft parts in the left scapular region are thickened and the left scapula is enlarged and sclerotic but the 
clavicles appear to be normal. This roentgenogram was made when the scapular swelling vas first recog- 
nized clinically. In 5, the swelling and sclerosis of the left scapula has increased; in contrast to A, both 
clavicles are thickened and sclerotic. In a later roentgenogram, not shown, made at one year of age, the 
clavicular changes had disappeared completely but the sclerosis of the left scapula was still evident. 


showed no signs of inflammation. The right 
arm was never completely paralyzed and there 
was considerable fluctuation in the movement 
of this extremity from day to day. A roentgen 
examination at ten weeks of age showed the 
right scapula to be enlarged and sclerotic but 
there Avere no abnormalities in the clavicles or 
ribs. Swelling and sclerosis of the left side of the 
mandible were visible in this roentgenogram 
and the right side of the diaphragm was ele- 
vated. During the tenth week the right shoulder 
was put in a cast which held the right arm in 
abduction. After about one month, the cast was 
removed and the motion of the right arm was 
said to have been greatly improved. 

Three weeks after birth the left cheek and 
the left side of the jaw became swollen, tender 
and hard; and the patient had much difficulty 
in sucking food from the bottle. The swellings 
were not hyperemic and there Avas no increase 
in local heat. FeA’^er, if present, AA’-as not de- 
tected by the mother. After about one Aveek the 
left-sided facial sAvelling began to subside. 
During the sixth AA’^eek of life the right cheek 
and the right side of the jaAv became tender and 
sAA'ollen; this SAvelling began to subside after one 
AA'-eek Avithout any eA'-idence of suppuration in 
the same fashion as the precedent left-sided 
facial sAA’^elling had decreased. Facial SAA^ellings 
of similar nature recurred tAvice on the left side 
and once on the right side during the first five 
months. There apparently Avere no associated 
constitutional symptoms; feA'-er Avas not recog- 


nized at any time and there Avere no manifest 
disturbances of the alimentary, respiratory, 
genitourinary or nervous systems. 

At fiA’^e months of age, the patient Avas ad- 
mitted to the Babies Hospital, four days follow- 
ing the appearance of the last of the recurrent 
SAA'ellings of the face. This SAvelhng, on the right 
side, had already begun to subside at the time 
of admission. Both cheeks and the right side of 
the jaAv Avere enlarged but not tender. The tis- 
sues in the right side of the neck Avere also 
thickened. Over the right scapula the tissues 
Avere SAvollen and indurated. The movements of 
the right arm Avere normal and its muscular 
poAver approximated that in the left arm. No 
information of positive diagnostic value Avas ob- 
tained from the laboratory examinations. The 
cellular elements in the blood Avere normal in 
number and structure. There Avere no abnormal 
urinary findings; there Avas no evidence of 
hematuria. The quantities of nonprotein- 
nitrogen, calcium, phosphorus and phosphatase 
in the blood AA^ere normal. Kline’s blood test 
gave a non-syphilitic reaction and the Man- 
toux test caused no significant changes in the 
skin. 

Roentgen examination disclosed massive 
hyperostoses in the mandible, right clavicle, 
right scapula and there Avere delicate lamellated 
thickenings of the right humerus and both 
femurs (Fig. 14). The left side of the mandible 
shoAved marked SAvelling and heaA^y sclerosis 
(Fig. 15). The right scapula and right clavicle 
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were also swollen and sclerotic, although their 
counterparts on the left side were unaffected 
^^^^tgenoscopic examination, 
the right side of the diaphragm was elevated 
and partially paralyzed; the amplitude of its 
excursion was reduced to approximately 



Fig. 14. Case n". Spot map of the skeleton in which 
the heavily shaded bones are the site,s of hyperos- 
tosis. The most marked changes arc in the left 
side of the mandible, the right clavicle and right 
scapula. 


during a few days which was associated with an 
upper respiratory infection. No new swellings 
appeared. 

In a follow-up examination at four years and 
nine months, it was found that there "had been 
no recurrence of the swellings and that the pa- 
tient had enjoyed normal health during the 
interval of four and one-half years since the 
hospital ob.servations. In the physical examina- 
tion, however, the face was found to be asym- 
metrical; the left side of the face was larger 
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Fig. 1 5. Case iv. Roentgenogram of the mandible at 
five months of .age, lateral oblique projection. The 
left side of the bone is sclerotic and diffusely 
thickened. 

than the right and the left side of the jaw was 
visibly enlarged (Fig. 17). In the roentgen ex- 
amination the left side of the mandib/e-was 
larger and more opaque than the right side and 
the left zygomatic bone was enlarged and 
sclerotic. The clavicles and scapulas were nor- 
mal. The right side of the diaphragm was still 
elevated as in the earlier examinations. 


In the tis.sues removed from the right scapular 
region a satisfactory specimen of bone was not 
obtained but in the muscular bundles attached 
to the perichondrium of the scapula many 
vacuolated fasciculi were seen. 

The patient was asymptomatic during a hos- 
pital residence of three weeks save for fever 


CO.M.MEX'r 

Maternal and Birth Histories. In all cases 
the mothens apparently enjoyed normal 
health and ate normal foods in normal 
quantities. None of the patients was born 
prematurely. In 3 cases the jabots iverc 
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Fig. 1 6 . Case iv. Frontal roentgenogram of the thorax at ten weeks of age, A, and five months, B. In A, the 
right scapula is already affected but the right clavicle is not abnormal. In 5, the changes in the right 
scapula have increased and the right clavicle is now markedly thickened. 


spontaneous and normal; in Case ii the 
patient was delivered after uncomplicated 
cesarean section. There is no evidence that 
prenatal deficiency of vitamins or obstetri- 
cal trauma was the cause of the infantile 
disturbances. 


Onset. Much of the information concern- 
ing the onset is uncertain because most of 
the observations were made by the parents. 
It is certain, however, that the first man- 
ifestations became active during the first 
three months of life (Case i, seventh week; 



Fig. 17. Case iv. Photographs at four years and nine months of age; A, frontal view; B, left lateral view. 
The face is asymmetrical owing to swelling of the left side of the face and the left submaxillary region. 
The facial swelling first appeared during the third week of life. 
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Case ii, eighth week; Case iii, tenth week; 
Case IV, second week). In every case the 
primary complaint was the appearance of 
tender swellings— in the thigh in Case i, in 
the face in Cases ii and iii, and in the 
scapular region in Case iv. Fever developed 
at the onset in Cases i and ii; it was not 
recognized at the onset in Cases iii and iv 
but may have been overlooked because 
temperatures were not measured. In the 
first phase of the disease, the swellings were 
tender but they did not show increased 
heat and they did not appear to be hypere- 
mic. In Case iv, dysphagia appeared simul- 
taneously with the facial swellings and 
limitation of movement at the right shoul- 
der developed concurrently with the ap- 
pearance of the swelling in the right scapu- 
lar region. Prodromal symptoms were mea- 
ger; fever and hyperirritability in Case i 
and stuffiness of the nose in Case iii. Nasal 
obstruction in this case is the only mani- 
festation suggesting that respiratory infec- 
tion was present at the time of onset. 
Laboratory examinations were not made at 
the time of onset. During the second week 
of the disease in Case iii, a blood count dis- 
closed a moderately severe anemia. 

Clinical Manifestations. In contrast to 
the multiple massive soft tissue swellings 
and the extensive scattered hyperostoses, 
there was a striking paucity of constitu- 
tional and systemic manifestations in all 
stages of the disease. Fever occurred in j 
cases. In Case i a low grade irregular fever 
persisted from the onset at the seventh 
week until the twelftli week and then re- 
curred when bilateral sterile pleurisy devel- 
oped during the fourteenth week. In Case 

II the fever was more severe — it began at 
the onset during the eighth week of life, 
reached levels of 103° F. and persisted ir- 
regularly until the patient was fiv'c and 
one-half months of age. In this case the 
temperature levels were highest when the 
swellings first made their appearance and 
when they were increasing in size. In Case 

III irrcuular mild fever was recorded in 
another hospital two weeks after the onset 
of facial , swellings although fever had not 
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been recognized earlier at home. In Case 
IV, who had a most severe clinical course 
and heavy recurrent hyperostoses, fever 
was never recognized during any stage of 
the disease either at home or in the hos- 
pital. 

Visible and palpable tender swellings 
developed in all patients and they are the 
principal clinical components of the dis- 
order. We did not have the opportunity of 
observing the swellings at onset or in the 
early phases when they were enlarging. 
One would opine from the parents’ descrip- 
tion that the swellings developed exceed- 
ingly rapidly — “came up over night” — in 
contrast to their slow' subsidence. At no 
time was there any clinical evidence of 
hemorrhage or suppuration in these tu- 
mors. All w'ere of a firm consistency early 
and became harder later. In the face, the 
soft tissues of the cheek anterior to the 
parotids w’ere sw'ollen as well as the low'cr 
jaw. No changes were detected in the adja- 
cent mucosa of the mouth, and the over- 
lying skin did not appear to be affected. 

Swellings developed in the left leg in 
Case i; this is the only case in w'hich facial 
swellings w'ere neither visible nor palpable 
— notw'ithstanding, mandibular thickening 
was demonstrated roentgenographically. 
Pronounced sw'ellings made their appear- 
ance in the face and both forearms in Case 
ii; the former preceded the latter by nine 
weeks. These facial sw'ellings fluctuated 
rapidly in size and disappeared and re- 
curred sev'eral times. In Case 111 facial 
sw'elling developed during the tenth week 
and one w'cek later the left scapular region 
became sw’ollen. In Case iv in contrast, the 
right scapular region became sw'ollen at 
two weeks and at three weeks a swelling 
appeared in the left side of the jaw'. In tins 
case, w'eakness of the right arm devclopcfi 
.simultaneously w'ith the appearance of the 
scapular swelling and considerable d) sp la- 
gia was associated v/ith the onset of tlsc 
facial sw'ellings. It should be ernphasr/e *5 
that there were no clinical signs of swellmg 
in manv other sltcs—in the davit les, ri > 
and long bones where hyperostoses were 
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demonstrated roentgenographically. It is 
therefore evident that only the largest and 
tender lesions have been detected clinically 
and the majority of hyperostoses were over- 
looked until roentgen examinations were 
made; and it seems probable that many 
mild cases without conspicuous clinical 
signs have not been subjected to roentgen 
studies and have not been recognized. 

Laboratory Findings. All of these patients 
remained at home during the earliest stage 
of the disease and no laboratory observa- 
tions were made until considerably later. 
The details of the later laboratory findings 
are given in the case reports; little informa- 


servationsj scattered bones and their over- 
lying soft parts were found to be thickened 
in all 4 cases, the pleurae thickened in 3 
and the diaphragm paralyzed and elevated 
in I case. 

In the skeleton, the basic roentgen 
change is an external thickening of the 
corticalis; this thickening was lamellated 
in many instances. The external margins 
of the cortical swellings were irregular in 
numerous bones (see Fig. 2, 3^, 8 and 
135)- It is noteworthy that in the lower 
extremities the cortical thickenings do not 
extend the entire length of the corticalis 
but leave the terminal segments of the 


Table I 


Case 

Mandible 

Clavicles 

Scapulas 

Ribs 

Extremities 

Pleura 

1 

+ + 

+ + ++(A 

0 

+ + + + 

+ + + + 

+ + + + 

11 

+ + + + 

0 

0 

+ + + + 

+ + + + 

+ + + + 

in 

+ + + + 

+ + ++(a) 

+ + + + 

+ + + + 

+ + 

+ + 

IV 

+ + + + 

+ + + +(-) 

+ + + + 

0 

+ + 

0 


tion of positive diagnostic value v^as ob- 
tained from them. Serological tests for 
syphilis gave non-syphilitic reactions in all 
cases. The quantitative studies of the con- 
centrations of ascorbic acid in the blood 
and the urine in Case i did not support the 
diagnosis of scurvy. Agglutination tests on 
the blood and cultures of the blood dis- 
closed no findings suggestive of bacterial 
infection. Smears and cultures of pleural 
exudate in Case i yielded no bacteria. Ex- 
amination of the blood revealed no evi- 
dence of hemorrhagic disease and there was 
no hematuria. 

Biopsies of affected bones in 3 cases 
showed only hyperplasia of the lamellar 
cortical bone; there was no evidence of in- 
flammation or of subperiosteal hemorrhage. 
In both clinical and roentgen examina- 
tions, pronounced changes were demon- 
strated in the soft parts adjacent to the 
hyperostoses. We did not have the oppor- 
tunity to make early biopsies of the soft 
tissue and bone when they might have been 
more informative. 

Roentgen Findings. In the roentgen ob- 


shafts unaffected (see Fig. 2). In contrast, 
the subperiosteal hemorrhage in scurvy and 
its subsequent cortical thickening begin 
directly on the end of the corticalis at the 
cartilage-shaft junction. In the unaffected 
as well as the affected bones the spongiosa, 
the metaphyses, tlie epiphyseal plates and 
the ossification centers in the epiphyses all 
were normal roentgenographically. In not 
a single bone were tliere metaphyseal spurs 
or fractures of the epiphyseal plates or the 
adjoining lattice. The changes in the bones, 
therefore, not only do not support the diag- 
nosis of scurvy but the absence of all the 
basic scorbutic changes is convincing evi- 
dence that the skeletal lesions are not due 
to deficiency of vitamin C. It is clear that 
the soft tissue changes are confined to the 
neighboring muscular bundles and do not 
extend into the overlying subcutaneous 
fat. The soft tissue swellings evidently pre- 
ceded the formation of the hyperostoses 
(see Fig. 13, A and B, and 16, A and B). 

The incidence and the distribution of the 
skeletal and pleural lesions in 4 cases are 
shown in Table i. The mandible was ex- 
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tensively swollen in all 4 cases; in Case i 
the mandibular swelling was not noted 
clinically and it was less extensive roent- 
genographically than in the other 3 cases. 
The absence of clinical swellings and ten- 
derness in many regions where hyperostoses 
were demonstrated roentgenographically 
has already been commented on. Actually 
most of the hyperostoses would have been 
missed had the roentgen examination been 
limited to the sites of the clinical swellings. 
It is probably equally true that slight soft 
tissue swellings are readily overlooked both 
clinically and roentgenographically in this 
disease. We are not certain of the state of 
the facial bones other than the mandible 
because they were not adequately visual- 
ized roentgenographically. 

The clavicles exhibited roughened corti- 
cal thickenings in 3 cases which appeared 
to be similar to those in the tubular bones 
of the extremities. Tenderness and pain 
were not associated with the clavicular le- 
sions. 

The massive involvement of the scapulas 
in Cases iii and iv was a conspicuous and 
surprising finding. Only one scapula was 
affected in each of these patients and in 
each of them the hyperostoses in the long 
bones were not pronounced although their 
mandibular lesions were marked. 7 'he scap- 
ular changes appear to be due to cortical 
hyperplasia as in the other bones. 

The ribs showed multiple involvement 
in Cases i, ii and ni. There was no clinical 
evidence of costal disease in any of these 
patients. It is possible that costal changes 
also developed in Case iv but were not dem- 
onstrated because roentgenograms were 
taken at too long intervals. In Case iii 
the costal changes were not visible in the 
twelfth week, were clearly visible in the 
thirteenth week, but had disappeared com- 
pletely in the seventeenth week. The costal 
thickenings were multiple in Cases 1, 11 and 
111; and were bilateral in Cases i and u. 

'I'hc greatest changes in the extremities 
were found in the legs in Case i and the 
forearms in Case n. The external margins 
of the largest hyperostoses were irregular 


in contrast to the smooth external margins 
of rnost of the smaller hyperostoses. As 
previously stated, the hyperostoses in the 
bones in the extremities were minimal in 
both cases in which scapular hyperostoses 
were identified. 

Pleural exudate of sufficient magnitude 
to be visualized roentgenographically de- 
veloped in Cases 1, 11 and iii. It is note- 
worthy that pleural exudate was demon- 
strated in the 3 cases in which costal thick- 
enings dev^eloped but was not seen in Case 
IV in which costal hyperostoses also were 
not visualized. The close relationship of the 
pleural exudation and costal hyperostosis 
is also shown by the fact that the pleural 
exudate was bilateral in the 2 cases in which 
the costal lesions were bilateral (Case 1 and 
11); unilateral, left-sided pleurisy developed 
in Case iii and the costal disease was also 
unilateral and left sided. The pleurisy did 
not develop concurrently with the other 
bone lesions, however. In Case i pleural 
exudate appeared seven weeks after the 
initial symptom of pain and swelling of the 
left thigh. 

The right side of the diaphragm was 
found to be elevated and partially para- 
lyzed in Case iv in the first roentgenoscopic 
examination. It is possible that this le- 


sion developed at birth and was due to 
obstetrical injury to the phrenic nerve'-' or 
was of prenatal origin and was caused by 
pinching of the phrenic nerve between the 
fetal spine and shoulder girdle.* 1 he asso- 
ciated weakness of the right arm may have 
been due to birth injury to the brachial 
plexus. The parents, however, were certain 
that the movements of the right arm verc 
normal until two weeks after birth when 
the right-sided scapular swelling appearet.. 
Perhaps the paralysis of the diaphragm and 
the weakness of the arm resulted from 
pressure on the phrenic nerve and brachia 
plexuses, respectively, by the large so - 
tissue sweliinu which developed m the right 
shoulder and right side of the neck during 
the second week of life. 1 lie weakness o. 
the arm gradually improved and dr-^ap- 
peared; tlic diaphragmatic weakness per- 
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sisted and was still present when the pa- 
tient was four years and nine montlis of 
age. 

The clinical and roentgen pictures of this 
disorder are probably more protean than 
the findings in the first 4 patients indicate.' 
Undoubtedly study of more patients will 
provide many modifications of our current 
concepts and add some new features. Al- 
ready we have data on 3 additional patients 
who showed many findings similar to the 
4 described above and it is likely that all 
7 were affected by the same disease. In i 
case the clinical and roentgen swellings 
were limited to the face and mandible; 
treatment with sulfathiazole was com- 
pletely ineffective — the fever persisted and 
mandibular swellings developed and ex- 
tended during the administration of sulfa- 
thiazole. In a second the onset occurred 
during the eighteenth month of life, and 
the mandible and face were unaffected al- 
though extensive hyperostoses were found 
in the clavicles, ribs and tubular bones of 
the extremities including the metatarsals. 
In a third patient studied by Dr. Bruce 
Chown of Winnipeg, Canada, serial roent- 
gen examinations early in the disease dem- 
onstrated clearly that the soft tissue swell- 
ings preceded the hyperostoses; in this case 
the swellings recurred in the face after and 
during the administration of large quan- 
tities of ascorbic acid. 

Course and duration. The active mani- 
festations subsided completely after sev- 
eral weeks and there were no serious com- 
plications. The only sequelae occurred in 
Case IV — persistent facial swelling and 
diaphragmatic paralysis at four years and 
nine months (see Fig. 17). The fever was 
irregular and inconstant. In different pa- 
tients the magnitude of the fever varied 
markedly from high long-sustained febrile 
episodes in Case 11 to absence of fever in 
Case IV. Fever recurred synchronously with 
the appearance of pleurisy in Case i; the 
histories suggest that fever also recurred or 
increased at the same time the facial swell- 
ings recurred in Case ii. The swellings ap- 
peared suddenly, enlarged rapidly and 


subsided gradually after many weeks; they 
were tender only during the early phase of 
swelling. The abrupt onset of the swellings 
is not unlike the sudden appearance of 
tumors caused by angioneurotic edema; 
there was, however, no pruritus and no 
vesiculation or other associated allergic 
phenomena. 

The course of the pleurisy could be fol- 
lowed only in Case i. Fever recurred at the 
time the pleural exudate was identified 
roentgenographically and persisted for 
thirteen days. There were no diagnostic 
physical signs or symptoms nor was there 
associated exacerbation of the swelling of 
the thigh. 

The cortical thickenings gradually di- 
minished and disappeared completely after 
several months; tlie skeletons were normal 
roentgenographically in the late follow-up 
examinations except in the mandible of 
Case IV. The marginal irregularities which 
were present early disappeared as the 
hyperostoses became smaller. There were 
surprisingly few “transverse lines” in the 
later roentgenograms. 

Differential Diagnosis. During the study 
of these patients several diagnoses were 
entertained but none seems tenable after 
evaluation of all the findings. Scurvy can 
be ruled out on practically all counts — 
onset during first weeks of life, adequate 
intake of vitamin C by both mothers and 
infants, facial swellings which recurred 
during and after adequate administration 
of vitamin C, lack of hematuria, and in the 
roentgenograms absence of metaphyseal 
and epiphyseal changes and the presence of 
mandibular hyperostoses. 

The clinical manifestations were not 
characteristic of syphilis; the serologic re- 
actions were non-syphilitic; mandibular 
involvement and absence of signs of osteo- 
chondritis in the presence of extensive 
diaphyseal changes are both inconsistent 
with skeletal syphilis of the early weeks of 
life. Trauma and injury prior to the onset 
were not observed in any case and the re- 
currences in the hospital were certainly not 
associated with trauma. Neoplasia need 
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not be considered in view of the results of 
the biopsies and the benign clinical course. 

Infection cannot be excluded so satis- 
factorily. The long febrile course in Case ii 
and the febrile episodes in Cases i and iii 
suggest that infection was the causal agent. 
The development of pleural disease in 3 
patients and especially the cellular reaction 
of 500 monocytes per cubic millimeter in 
pleural exudate of Case i, the only case in 
which there was an opportunity to examine 
the pleural liquid, strongly suggest infec- 
tion. Bacterial infection was not proved in 
any case — ^none of the swellings was sup- 
purative, biopsies disclosed no evidence of 
inflammatory reactions in the affected 
bones, blood cultures and agglutination 
tests were negative, and smear and culture 
of the pleural exudate yielded no bacteria. 
We were unable to investigate virus infec- 
tion adequately. 

Rivers® has demonstrated that experi- 
mental virus infection of the cornea may be 
followed by a reaction that is exclusively 
hyperplastic without cellular infiltration. 
A similar hyperplastic reaction in the osteo- 
genetic layer of the periosteum could con- 
ceivably be responsible for the cortical 
hyperplasia found in these bones. So far as 
we know, hyperplastic osteitis has not been 
recognized in human virus infections. 
Councilman and his colleagues^ found focal 
necroses in the bone marrow of the verte- 
bral bodies in smallpox but they do not 
mention cortical involvement. Virus in- 
fections during early infancy may be more 
common than is generally appreciated by 
clinicians, as indicated by the reports of 
Von Glahn and Pappenheimer,^” Farber 
and Wolbach,'’’ Kinney,® and Buddingh and 


philia. Subperiosteal allergic edema is a 
possible cause of the cortical thickenings; 
allergenic edema may also have been re- 
sponsible for the swellings in the neighbor- 
ing soft parts.- 

The data in this group of cases indicate 
that the clinical and roentgen manifesta- 
tions represent a new syndrome. The cause 
is at present undetermined. The possibili- 
ties of virus infection or allergic reaction as 
the causal mechanisms deserve considera- 
tion in the investigation of future patients 
whose findings suggest that they are af- 
fected.- 
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T ITTLE has been written on the use of 
the roentgen ray in the diagnosis of hy- 
pertrophic pyloric stenosis in infants. This 
is probably due to the fact that in the past 
the roentgen department was not given the 
opportunity of making many gastrointes- 
tinal studies on infants in whom pyloric 
muscle hypertrophy was suspected clini- 
cally. Among the many reasons were: 

1. A history of bile-free vomiting in an 
infant three to six weeks old with a palpa- 
ble mass in the epigastrium to the right 
and above the umbilicus and visible ab- 
dominal waves corresponding to gastric 
peristaltic activity was considered sufficient 
clinical evidence to warrant a diagnosis of 
pyloric muscle hypertrophy with varying 
degrees of stenosis. 

2. If symptoms persisted after a change 
of formula, and the administration of anti- 
spasmodics, surgery was indicated. 

3. Many clinicians and surgeons not 
only believed that a roentgen examination 
was unnecessary but strongly objected to 
the use of barium for fear of aspiration and 
so forth. 

4. The difficulty of removing barium by 
lavage leaves a residue which may inter- 
fere with operative procedures. 

5. The request to withhold food for six 
hours or more during the roentgen exami- 
nation interfered too greatly with the nutri- 
tive requirements of the infant. 

In our experience it was usually the less 
severe cases, those in which the clinical 
findings were not clear cut, when there was 
no dehydration, no definite nutritional dis- 
turbances and tlie infant appeared healthy, 
that roentgen examination was resorted to, 
and then chiefly to estimate the rate of gas- 
tric motility. Occasionally, at the request of 
the pediatrician, a small amount of barium 


was added to the formula simply as a 
“tracer” medium to determine gastric emp- 
tying time. This usually confused the pic- 
ture, as delayed motility was due to tlie 
presence of fat, and to a lesser degree pro- 
tein and carbohydrate in the formula. Too 
short a time interval between the last feed- 
ing and the administrations of barium also 
resulted in delayed emptying time in the 
normal infant, yet, under these circum- 
stances, a retarded gastric motility with 
prolonged emptying time was often ac- 
cepted, in conjunction with symptoms and 
clinical findings, as sufficient evidence for 
operative intervention. A water-barium 
mixture should be given on an empty stom- 
ach, at least four hours after the last feed- 
ing. 

There are numerous factors influencing 
the emptying time of the normal infant’s 
stomach, and infants, healthy in every re- 
spect, often show small gastric residues at 
the end of ten, twelve, and even twenty- 
four hours. A common cause of delayed gas- 
tric motility is gaseous distention of the 
gastrointestinal tract. Infants are notori- 
ously aerophagic, not only while feeding 
but also in the act of crying, yawning and 
stretching. Atmospheric air apparently 
enters the stomach with ease in deep in- 
spiration when the esophagus is apparently 
put on a “stretch” and filled with atmos- 
pheric air. This is probably aided by the 
fact that the ratio of the height to the 
width of the chest in infants is much less 
than in normal children and adults. 
Whether relaxation or hypotonicity of the 
esophageal sphincter plays a part in the 
admittance of air into the stomach is in- 
definite. However, with the stomach and 
small intestine distended with gas and the 
infant allowed to remain in the supine posi- 
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Fig. I, Lateral recumbent view showing relationship 
of cardiac end of stomach to gas-distended antral 
end. In this position the emptying time may be 
prolonged two or three times that of normal. 

tion, there is a definite tendency toward de- 
layed gastric motility and prolonged emp- 
tying time, for so long as the patient is kept 
in the supine position, little of the gas can 
escape from the stomach tlirough the 
esophagus. 

Apparently only a negligibly small 
amount of swallowed air is absorbed from 
the intestine by the blood stream. That the 
gas in the stomach and small intestine is 
largely swallowed air can be demonstrated 
in an abdomen previously free of gas by 
observing its gradual accumulation during 
feeding or the act of crying, first in the 
stomach, then the upper small intestine, 
and gradually the lower portion of the small 
intestine and finally the cecocolon. 

Under these conditions, we have encoun- 
tered as high as 40 to 50 per cent gastric 
retention at the end of ten hours and 20 
to 25 per cent at the end of twenty hours. 

Repeating the examination several days 
later, after the elimination of most of the 
gas from the stomach and practically all of 
the gas from the small intestine (by placing 
the infant for several hours in the semi- 
recumbent prone position with slight eleva- 
tion of the right shoulder), we encountered 
normal gastric emptying time of two to 
two and a half hours. 

The abdomen should be almost free of 


intestinal gas before water-barium is ad- 
ministered on an empty stomach. Under 
these circumstances, extraneous influences 
of gas are eliminated and a more accurate 
evaluation of gastric motility is thereby 
deterrnined. 

Apparently gaseous distention of the 
small intestine reflexly inhibits gastric peri- 
staltic activity and delays motility. In the 
prone position most of the gas in the stom- 
ach and possibly a small amount in the 
upper small intestineis regurgitated through 
the esophagus while that remaining in the 
small intestine is propelled into the colon. 
If by this method, the small intestine can- 
not be rid of gas, an investigation of the 
tension of the anal sphincter should be 
made, for in sphincterismus ani, the colon 
remains distended and prohibits the caudad 
movement of gas in the small intestine. 

In two instances of vomiting with de- 
layed gastric motility, the vomiting ceased 
and there was a return to normal gastric 
motility following correction of an anal 
sphincter spasm. 

This gaseous distention of the small in- 
testine does not as a rule take place if, 
after feeding, the infant is immediately 
placed in the semirecumbent prone position 
where the gas is readily regurgitated 
through the esophageal opening which now 
occupies a position atop the gastric gas bub- 
ble. 



Fig. 2. Anteroposterior view (supine positioii) sho\w 
ing rounded appearance of barium in 
and accumulation of gas in pylryic end. Scithc 
the cap nor pyloric canal is visuab/x-d m 
position. 
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In the supine position, however (Fig. i), 
the swallowed air in the stomach rises above 
the esophageal opening and occupies the 
pars media and the pars pylorica at a level 
above the hiatus; tlius it cannot be regurgi- 
tated through the esophagus, and the in- 
gestion of any liquids merely forms a 
“pool” (Fig. 2) in the dependent cardiac 
portion of the stomach wliich literally 
“seals off” the cardiac orifice. Further in- 
gestion of formula merely increases the gas 
pressure and gradually forces the swallowed 
air through the pyloric canal into tlie upper 
small intestine. At times, an additional ac- 
cumulation of air in the high arched py- 
loric antrum seems to act as a “gas trap” 
and prohibits the egress of barium through 
the pyloric ring. These are the stomachs in 
which the barium appears as a round dense 
shadow in the upper left quadrant in the 
supine position, surrounded by a large 
tubular gas shadow tapering off to the 
right of the spine at a slightly lower level. 
When the stomach is greatly distended 
with gas, no peristaltic activity is encoun- 
tered and there may be little or no motility 
over a period as long as twenty hours (Fig. 
3 )- , . 

Changing the infant from the supine to 
the prone position reverses the relationship 
of the gas and fluid contents of the stomach. 
The gas now accumulates in the high car- 
diac end of the stomach where it can read- 
ily be expelled through die esophageal 
opening and the barium comes to occupy 
the pars pylorica where, in the normal in- 
fant, normal gastric motility follows. 

PROCEDURE 

I. Two erect 8 by 10 inch roentgeno- 
grams are taken at 6 feet (posteroanterior 
and lateral at 1/20 second) within one-half 
hour of last feeding. These roentgenograms 
include the chest and abdomen. By using 
chest technique and including the lung 
fields, one can eliminate the presence of 
atelectasis or pneumonic consolidation, 
particularly the chronic type of pneumo- 
nias, as a cause of anorexia and vomiting, 
for the latter may run a normal tempera- 


1 



Fig. 3. Lateral view showing small 
umbilical hernia. 

ture and not be suspected clinically. The 
retropharyngeal space and esophagus when 
filled with air are also visualized in the 
lateral view. Occasionally, bulging of the 
posterior pharynx due to cellulitis will inter- 
fere with the swallowing function and ac- 
count for regurgitation. 

2. The amount of gas and fluid in the 
stomach and the distribution of gas in the 
small intestine are noted. Normally gas in 
the small intestine is evenly distributed 
throughout the jejunum and ileum. If the 
distribution of gas is largely limited to one 
side or one quadrant of the abdomen, it 
presupposes the possibility of some con- 
genital malformation (Fig. 4) such as 
anomalous mesenteric attachments, non- 
rotation, various types of intra-abdominal 
hernias, congenital bands, and so forth. 

A variable portion of proximal small in- 
testine outlined by gas, sharply delimited 
in the upper abdomen but an absence of 
small intestinal gas in lower abdomen and 
pelvis strongly suggests the possibility of 
congenital bands. With congenital duodeno- 
hepatic bands, only the stomach and first 
and second portions of duodenum may be 
distended with gas, while in “Lane’s kink” 
type the entire intestine, exclusive of the 
right lower quadrant may be distended, 
and in the various types of congenital intra- 
abdominal hernias, gas-filled loops are 
“bunched 'together” and segregated more 
or less in one part of the abdomen. In the 
absence of these types of congenital anoma- 
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lies, there is a segmented distribution of 
gas in the small intestine; thus it is ad- 
vantageous to have gas in tJie stomach and 
small intestine for the initial survey roent- 
genogram in the erect position. Its total 
absence is strongly suggestive of atresia of 
the esophagus, although this is found in 
\"ery early infancy and not in the period 
when pyloric In-perplasia is suspected. 



{■'k;. 4. H. A., nged one month. N<)tc coilection of 
sm.ill intestinal gas in tipper riglit tjuadrant. 
IVistopcrativc tiingnosis: anomalous mesenteric 
att.achment of sm.nil intestine with many loops 
hunched together and voivtdus. Patient tiled two 
V, ecks fullou ing ojH.‘r;uif>n. 

The infant is now placed in die serni- 
rccumhctu prone position for ajiproyi- 
niately three hours or longer in an attempt 
to get rid <if all the gas in the small intestine 
and most f)f the stomach gas. 'i'his is im- 
portatn, for a ga'-oiistendcti small intestme 
win have an effect similar to an "ady- 
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standard water-barium mixture is adminis- 
tered through an ordinary nipple and, 
roentgenoscopically, the csophatius and 
swallowing function are observcd'atul the 
size, shape, position, tonus and qualify of 
gastric peristalsis noted. I he amount of the 
opaque medium administered corresponds 
to that of the formula for the age of the 
infant (2 ounces is usually .sufficient). If 
there is any hindrance to the passage of 
barium tiirough the pyloric canal, one usu- 
ally encounters vigorous peristaltic action 
with deep waves passing along both curva- 
tures. In the early stages it presents the 
picture of a “fighting stomach.” I'hcsc 
contraction waves arc seen mostly in the 
pyloric antrum and middle third. Visualiza- 
tion of the duodenal cap depends n])on the 
degree of patency of the jndoric canal; if 
the latter is markedly narrowed, or, in tlie 
presence of pylorospasm it is impossilde to 
fill the cap and the latter is represented only 
by small specks of barium- In tlio.se cases 
with symptoms of relatively long staiuling, 
i.c., two weeks or longer of intermittent 
projectile vomiting, one will not cncotintcr 
a tonic .stomach of normal size with vigor- 
ous peristaltic waves, but a dilated, atonic 
type of stomach with little or no \’i.sii>lc 
peristaltic action, and, when peristalsis is 
observed it is feeble and superficial in char- 
acter. When this stage of myasthenia gas- 
trica is reached, tiicre is almost complete 
pyloric ohstruetion and in this stage of ex- 
haustion the patient juj longer vomits, 

4. .Anti.spasmodics are ndministcred to 
the infant throughout the examination in 
.an artempr to eliminate the faemr (>i 
spasm. In spasm per se, there i> a niarked 
variability in length and widfli of flic py- 
loric canal; it liecomcs tnarktaily cioneatcu 
in antral spasm. However, if a suilHienf 


number of ex|V)Hures i'v nuuie at the ru:lif 


time, t.e., tiunng mu! Ifiilowmg 
tifiji wave, f>nc eati u^-tmlly denuuv.tr;;?*- a 
pyloric canal of variable lenvtb. At Kuvt 
one roent venogram will show a can.ri 
several rniilimcters in Irnatb^ rinu. 

c. Ihaentgenovrarn-. are taken ar one »-*> 
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odic emptying of tlie stomach, for motility 
in infants is normally much more variable 
than in adults. Hence, if there is little or no 
motility during tlie first two or three 
“half-hour” periods, the fourth “half-hour” 
interval may show normal motility with 
good visualization of the duodenal cap. In 
the event of good visualization of the duo- 
denal cap, the gastric motor function is con- 
sidered to be within normal limits even 
though the emptying time may be pro- 
longed to four to six hours or more. 
Pylorospasm may show very little motility 



Fig. 5. Normal cap and pyloric canal showing an- 
tral contraction. The pars media “tapers” gradu- 
ally and merges imperceptibly w'ith the pyloric 
canal. 

during the first hour, while the second hour 
may show emptying of the major portion 
of barium from the stomach. Three hours 
is considered long enough time in which to 
get a record of at least one cycle of activity 
in order to estimate the rate of motility 
and the anatomical status of the pyloric 
canal. In the intervals between examina- 
tions, the infant is kept in a semirecumbent 
prone position. 

As soon as gastric peristalsis is encoun- 
tered, serial roentgenograms may demon- 
strate the pyloric canal and its variability, 
if any, in length. 

In pyloric muscle hypertrophy, there is 
no variability in the length of that prepy- 
loric segment and no cycles of gastric motil- 
ity. There may be an apparent variation in 
tlie length and diameter of the pyloric 
canal as a whole, but there is one prepyloric 



Fig. 6. B. A., male, aged five weeks. Projectile 
vomiting one w'eek. Hypertrophic pyloric stenosis. 
Note narrow^ elongated and relatively straight 
pyloric canal measuring 2.5 cm. in length, not 
influenced by antispasmodics. The barium stops 
abruptly along proximal border of tumefaction 
which is convex tow'ards lumen of stomach w'ith the 
formation of “shoulders.” Operation — pyloromy- 
otomy (Fredet-Rammstedt type) with complete 
relief of symptoms. 

segment that is constant and unchanging 
in length and caliber of lumen. This seg- 
ment is longer and the lumen narrower than 
what we believe to be tlie normal length 
and width of the pyloric canal in infants. 
Under these circumstances we have re- 



Fig. 7. E. F., female, aged six wrecks. Projectile 
vomiting one w'eek. Waves w'ere observed across 
abdomen but no masses palpable. The pyloric 
, canal is curved and markedly elongated — ^3 cm. 
I Duodenal curve normal. Note the “shoulder ap- 
[ pearance” on either side of pyloric canal. Opera- 
_ tion — pyloromyotomy (Fredet-Rammstedt type). 
Symptoms relieved. 
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examined a limited number of patients with 
and without antispasmodics and found no 
alteration in that portion of the prep)dofic 
canal elongated and narrowed by local py- 
loric muscle hypertrophy or change in the 
ultimate emptying time of the stomach. On 
the other hand, gastric motility in pure 



Fig. 8. M. S., female, aged nine weeks. Vomiting 
after feeding — past week. Note linear pressure de- 
fect running across pyloric antrum. Operation — 
congenital gastrohepatic band. 

pylorospasm is influenced by time and anti- 
spasmodics. The latter largely eliminate the 
initial retarded motility encountered in the 
first and second half-hour intervals and the 
ultimate emptying time may be brought to 
within almost normal limits. 

In pyloric muscle hypertrophy (Fig. 6 
and 7), the amount ejected from the py- 
loric canal depends upon the degree of 
narrowing, but there is a rather regular and 
constant ejection of barium into the duo- 
denum from the time barium is introduced 
into the stomach until it is nearly empty. 
The last 25 per cent may require more time 
for evacuation than the initial 75 per cent — 
this may be due to a gradual subsidence of 
the vigorous, intermittent peristaltic waves 
observed at the beginning of the examina- 
tion, One must remember, however, that 
in a normal stomach the rate of motility 
decreases as the stomach empties, and it is 
not uncommon to find traces of barium in 
the normal infant's stomach ten to twenty 
iiours following the barium meal. 

When congenital bands run across the 


pyloric end of the stomach and exert suf- 
ficient pressure to interfere with gastric 
motility, we likewise encounter hyperperi- 
stalsis. Here, however, when the stomach 
antrum is in a state of diastole and filled 
with barium, a sharp line of demarcation 
running from the lesser to the greater 
curvature can often be demonstrated in the 
form of an extrinsic linear pressure defect 
seen in the posteroanterior recumbent, or 
lateral erect roentgenogram (Fig. 8), This 
defect may be produced by a gastro- 
hepatic or gastrocolic band or persistent 
mesogastrium. The pjdoric canal may show 
a marked variability in its length and cali- 
ber. Here, as in localized pyloric muscle 
hypertrophy, the duodenal cap may never 
be completely filled, but there is complete 
absence of a persistent narrowed and 
elongated prepyloric segment, 

A congenital peritoneal fold impinging 
on the lumen of the small intestine will 
show stasis and possibly some dilatation 
proximal to the points of obstruction; when 
it involves the duodenal loop proximal to 
the ampulla, the vomitus is not bile stained. 
The size of the cap and degree of dilatation 
of the duodenum will depend, to a certain 



Fig, 9. -A. C., female, aged one month. Note the 
elongated pyloric canal, .stasis and dilatation o 
the duodenum with reversal of its curve am 
abrupt ending of barium near duodcnojcnunal 
junction. Operation— (i) congenital hyjxtrtropfnc 
pyloric .stenosis and (2) anomalous mesenteric 
attachment with volvulu.s of small intestine just 
proximal to ligament of Ircitz, (Second am t nrt^ 
portion of dilated duodenum outlined as .seen o.n 
original roentgenogram.) 
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extent, upon the duration and degree of 
obstruction. There may be stasis, but very 
little dilatation of the intestine in mild 
stenosis and recurrent volvulus due to ab- 
normal peritoneal folds or volvulus associ- 
ated ^Yith non-rotation of the colon. 

Intrinsic obstruction is more common 
than extrinsic in the newborn. In atresias, 
the newborn begins vomiting soon after 
birth. Vomiting is persistent and bile 
stained. The stomach and entire small in- 
testine proximal to the point of obstruction 
are distended even at birtli by accumulation 
of digestive juices and swallowed amniotic 
fluid. An erect roentgenogram soon after 
vomiting may show a large gas-distended 
stomach and small intestine proximal to 
tlie point of obstruction; tlie rest of the 
small intestine is non-air containing. This 
finding, plus the clinical history, is sufficient 
evidence to warrant a diagnosis of small in- 
testinal obstruction and the administration 
of barium may yield no further information, 
although it may be possible to completely 
fill the duodenal cap — a finding not en- 
countered in pyloric stenosis. Volvulus may 
produce a somewhat similar picture, but 
here the obstruction may be intermittent 
and small amounts of gas or barium may 
outline the small intestine distal to the 
point of obstruction and examination dur- 
ing an asymptomatic period may reveal 
nothing abnormal. These patients sliould 
be examined immediately after an episode 
of vomiting. Gastric hyperperistalsis was 
never encountered in either complete or 
incomplete obstruction distal to the pyloric 
ring. In hypertrophic pyloric stenosis, 
vomiting usually occurs for the first time 
during the third to fifth week of life with a 
gradual increase in the severity of symp- 
toms and prior to this time there may liave 
been no feeding problem. During tlie first 
few days of vomiting, the stomach is ortho- 
tonic and normal in size; later it enlarges 
and becomes atonic. We have not encoun- 
tered complete obstruction in any case of 
pyloric muscle hypertrophy and once the 
barium enters tlie small intestine it pro- 
ceeds normally to tlie cecum, showing a 
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variegated and segmented pattern of the 
small intestine. Well filled continuous loops 
are not encountered in retarded gastric 
motility. 

In order to appreciate tlie roentgen ap- 
pearance of pyloric muscle hypertrophy, a 
brief description of the gross anatomic find- 
ings may be helpful. 

The pylorus presents a fusiform, olive- 
sized hyperplasia, presumably of congenital 
origin, involving the circular muscle fibers 
of the pyloric canal. It terminates abruptly 
at the pyloric ring; the caliber of the lumen 
is decreased, its external surface smooth 
and almost as firm as cartilage. Origin on 
an endocrine basis is a possibility, as it 
occurs in males at a ratio of 3 to i and in 
some series as high as 10 to i. It has been 
reported in male twins. That reflex pyloro- 
spasm should produce a tumor mass of this 
size and character within a period of three 
weeks is rather unlikely. Spasmophilia as a 
factor must be considered. 

On serial roentgenograms, the elongated 
and narrow caliber of the pyloric canal can 
usually be demonstrated. It ranges in 
length from 0.5 cm. to 3 cm. In severe cases, 
the canal may be represented by a mere 
thread of barium which is constant and 
uniform, while in others there is very little 
diminution in caliber, although there may 
be marked elongation. The caliber is per- 
sistent and unchanging in configuration 
and not influenced by antispasmodic drugs. 
The canal may appear to change in length 
but this is due merely to superimposed 
antral contractions. The tumor stops ab- 
ruptly at the base of the duodenal cap. At 
the antral end it may merge gradually with 
the stomach wall, but more often it is seen 
to project convexly into the lumen of the 
stomach, forming “shoulders” about the 
proximal aperture of the canal. If only a 
segment of the canal is visualized, it ap- 
pears as a small “beak-like” process of 
barium, its base resting on the “shoulders” 
in the midline and its point directed toward 
the cap. We were unable to demonstrate 
any depressions, crevices, or suggestions 
of mucosal folds in the canal or deep trans- 
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verse sulci or gastric mucosa at the proxi- 
mal portion of the tumefaction. Neither 
was there any evidence of a concavity at 
the base of the duodenal bulb as a result of 
a partial invagination of the hypertrophied 
muscle, described by Kirklin^ as occurring 
in pyloric muscle hypertrophy of adults. 

The normal pyloric canal as seen on 
serial roentgenograms, varies in length and 
caliber according to the degree of pyloric 
and antral contraction. That short segment 
of pyloric canal adjacent to the base of the 
bulb, which is constant in length and cali- 
ber in diastole, represents the pyloric ring. 
This measures, on an average, i mm. in 
diameter and a variable 2 to 4 mm. in 
length on roentgenograms taken at a 36 
inch distance. The greater and lesser curva- 
ture merge gradually toward the base of the 
duodenal cap. In the absence of any gastric 
or small intestinal gas, the normal infant’s 
stomach will evacuate the major portion of 
the barium meal, i.e., 75 to 85 per cent, in 
two and a half hours when in the prone 
position. This was considered as a normal 
rate of gastric motility during one of its 
periodic cycles of evacuation. Realizing the 
difficulty in ascertaining a true estimate of 
the amount evacuated during any one time 
period, a fair estimate of the rate of motil- 
ity was based on the ease with which the 
cap filled and to a lesser degree the pattern 
of the upper small intestine. With rapid 
gastric motility, there is either a continuity 
of or a closer approximation of the seg- 
ments of barium in the small intestine. 

In those cases in which congenital lesions 
occur distal to the pyloric ring, involving 
the small intestine, such as congenital 
atresias or stenosis, duodenohepatic bands. 
Lane’s kink, anomalous mesenteric attach- 
ments of the small intestine with recurrent 
volvulus, intra-abdominal hernias of vari- 
ous kinds, etc., the stomach appears atonic, 
slightly dilated with shallow, superficial 
gastric peristaltic waves occurring at 
lengthy intervals; gastric hyperperistalsis 
is seldom encountered. The pyloric canal is 
within normal limits and the duodenal cap 
can usually be completely filled. 7 ’hc bar- 


ium is not ejected into the duodenum with 
any degree of regularity as in hypertrophic 
pyloric stenosis, but is ejected spasmodi- 
cally at extremely long intervals. The cap 
fills readily and completely on manual pres- 
sure and may remain filled for several min- 
utes to several hours. In addition to the 
cap, the small intestine proximal to the 
point of obstruction is very often outlined 
by barium. 

In the absence of any demonstrable ex- 
trinsic gastric pressure defect, it may be 
extremely difficult, from a purely objective 
standpoint, to differentiate a congenital 
extragastric anomaly such as a gastro- 
hepatic band or persistent anterior meso- 
gastrium from hypertrophic pyloric steno- 
sis. In both instances, there will be incom- 
plete filling or non-visualization of the duo- 
denal cap. Intermittent hyperperistalsis 
may be encountered. However, the pyloric 
canal, if visualized, will appear normal in 
length and caliber. There is an absence of 
“shoulders” projecting into the antrum and 
also the “beak-like” projection toward the 
cap. The history will aid in arriving at the 
correct diagnosis, for with congenital bands, 
there may have been a feeding problem 
from the time of birth or shortly thereafter 
with a gradual increase in symptoms of 
vomiting as the infant grows, reaching a 
climax at the fourth to sixth week or even 
as late as three months and on rare occasion 
as late as ten months. This gradual and 
progressive increase in the severity of the 
symptoms is due to the fact that as the in- 
fant grows the fibrous bands remain prac- 
tically stationary and thus exert a rela- 
tively greater pressure defect. 

During the past two and a half ycar.^ 
(January, 1940, to July, 1942), we studied 
the gastrointestinal tract of 50 infants ac- 
cording to the technique outlined. Jbc 
severity of symptoms varied from that o 
projectile vomiting during or follov/mg eacii 
meal to that of occasional vomiting during 
or following a feeding. The age at the tunc 
of examination ranged from thirteen days 
to nine weeks— average, 6,3 weeks, ine c>.' 

amination was usually started on the our. 
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or fifth day of symptoms. There were 18 
females and 32 males, a ratio of i to 1.8. 
The majority were sent for roentgen exam- 
ination with a tentative clinical diagnosis 
of hypertrophic pyloric stenosis. In the re- 
mainder, a request was made to determine 
cause for continued intermittent Ammiting 
after failure to completely control vomiting 
by antispasmodics and thick feedings. 

In 12 infants, periodic vomiting was not 
influenced by thick gruel feedings and anti- 
spasmodics. They lost weight, became par- 
tially dehydrated and operative interven- 
tion, after adequate preoperative treat- 
ment, was decided upon. From a roent- 
genologic standpoint, all except 2 showed 
elongation of the pyloric canal with a 
diminution in caliber. The narrowing in 
some instances was such that the canal Avas 
represented simply by a “thread of bari- 
um,” its length measuring i.o to 2.5 cm. 
or 3.0 cm. There A\^as no cycle of normal 
motility, but rather almost constant ejec- 
tion of small amounts of barium AAnth each 
contraction AA’-ave during the first three or 
four hours, AAhth an eventual prolonged 
emptying time of tAveh'-e to tAA^enty-four 
hours. There AA'as a direct relation between 
the degree of narrowing and elongation of 
the canal and the rate of gastric motility. 
In those cases Avith marked narroAAung, as 
much as 80 to 90 per cent retention AA-^as 
encountered at the end of four hours and 
as high as 50 per cent at the end of tAventy- 
four hours. 

The duodenal cap Avas never completely 
filled in a single instance of uncomplicated 
hypertrophic pyloric stenosis. In most in- 
stances, it Avas visualized only by a fcAA^ 
specks of barium and, due to the tremen- 
dously sloAA' rate of motility, the small in- 
testinal pattern appeared “thready,” con- 
necting sparsely scattered small clumps of 
barium. 

One case AAath good visualization, com- 
plete filling of the cap, and a normal pyloric 
canal had a congenital duodenohepatic 
band completely obstructing the duodenum 
just above the ampulla of Vater (Fig. 10). 
This patient had bile-free vomitus. 



Fig. 10. B. G., female, aged thirteen days. Inter- 
mittent vomiting since birth with gradual increase 
in severity of symptoms. Vomitus not bile stained. 
Stomach normal, cap filled readily, peristalsis 
shallow. No barium left the stomach during the 
first six hours. There was approximately 80 per 
cent gastric retention at the end of twenty-four 
hours. Operation — congenital duodenohepatic 
band running across second portion of duodenum 
just above ampulla. 

Another case with poor Ausualization and 
incomplete filling of tlie cap had a normal 
pyloric canal but shoAved an extrinsic pres- 
sure defect running across the pyloric an- 
trum, Avhich at operation proved to be due 
to a congenital gastrohepatic band. 

Operative Findings 


Hypertrophic pyloric stenosis (8 males and i 
female) 9 

Hypertrophic pyloric stenosis and volvulus 
of small gut (F) i 

Congenital duodenohepatic band (F) i 

Congenital gastrohepatic band (F) i 

Total 12 
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atonic; peristalsis 'was shallow^ occurred at 
lengthy interv'als, or was not encountered 
at all. At this “advanced stage,’* voinitinc 
is not as severe and occurs less frequently 
than in the earlier stages — probably due to 
marked atonicity and refusal of formula by 
the infant which, as a rule, vomits only 
when part of a formula is introduced into a 
stomach already the seat of marked reten- 
tion, 

Jn the second group of 20 cases, the 
severity of the vomiting seemed to be far 
out of proportion to the degree of pyloric 
narrowing and elongation. There was 
vomiting either during or after practically 
every feeding of a formula of ordinary con- 
sistency, not influenced by antispasmodics, 
although controlled to a variable degree In- 
thick feedings. On the roentgenogram, 
there was very slight, if any, narrowing of 
the pyloric canal, which did not exceed a 
length of 0.5 cm. They showed intermittent 
hyperperistalsis with an occasional reverse 
peristaltic wave resulting in regurgitation 
of the barium. The stomachs, as a rule, 
were orthotonic, there was not a marktni 
degree of retarded gastric motility, anil the 
cap was fairly well visualized. It was 
thought that these infants represented mih! 
cases of pyloric muscle hyperiroidiy and 
that vomiting was due largely to a dis- 
turbed gastric motor function, ’I'he amount 
of gastric retention at the end of four hours 
ranged from 40 to 50 per cent. All of these 
cases were sufficiently controlled by ex- 
pectant treatment so that neither dchyiini- 
lion nor nutritional disturbances ensued 
and .symptoms gradually disappeared. 

'j'be tlvird group, consisting of 5'''’'"' 
had mild e]'>isodcs of vomiting, occurring at 
irregular intervals, lust usually at the com- 
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Peristalsis was shallow, gastric motility 
retarded, but, as far as we could determine, 
the pyloric canal was within normal limits. 
As a rule, very little barium left the stom- 
ach during tlie first liour and at the end of 
two and a half hours there was approxi- 
mately 50 to 60 per cent retention; at the 
end of four hours there was approximately 
25 per cent retention. The stomach and 
small intestine showed abnormally large 


to distention of the colon, the anal sphinc- 
ter was investigated and found spastic. 
Stretching of the anal sphincter was Ijegun. 
Two weeks later, a survey roentgenogram 
showed no gas in the small intestine and 
only a moderate amount in tlie colon after 
a period of four hours in the prone position. 
Re-examination with barium revealed nor- 
mal gastric motility and emptying time, 
i.e., at least 75 to 80 per cent of the barium 
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Ch.a.rt I. Gastric nrotility rate nornaal; hypertrophic pyloric stenosis 
and gas-distended small intestine. 


amounts of gas during the entire examina- 
tion. Inadvertently, these patients had not 
been placed in the prone position either be- 
fore or during the examination. All were re- 
examined one or two weeks later, and it was 
made certain that they were kept in a 
prone position both before and during the 
examination. This resulted in a marked re- 
duction in the amount of gas in the stom- 
ach and almost complete elimination of gas 
from the small intestine. Under these con- 
ditions, normal motility followed with at 
least 8o to 90 per cent gastric evacuation 
at tlie end of two and a half hours. 

However, in 2 cases, while the stomach 
was relatively free of gas, large amounts of 
gas still remained in the small intestine and 
the colon; the latter was markedly dis- 
tended. Again we encountered delayed gas- 
tric motility with 50 per cent gastric reten- 
tion at the end of four liours in i case and, 
in the other, approximately 90 per cent at 
the end of eight hours and at least 50 per 
cent at the end of twenty-four hours. Due 


was evacuated at the end of two and a half 
hours. These 2 cases probably demonstrate 
the existence of a gastric inhibitory reflex 
of ileocolic origin, which disappeared fol- 
lowing correction of anal sphincter spasm. 

\Yhen the infant’s stomach is orthotonic, 
the small intestine free of gas, no distention 
of the colon, and the motility rate is suf- 
ficient to completely fill the cap, we have 
accepted two and a half hours as the normal 
emptying time of the major portion of 
barium from the infant’s stomach, i.e., 
75 to 85 per cent. The final and complete 
emptying of the normal infant’s stomach is 
so variable that it is of litde or no diagnos- 
tic importance, for not infrequently traces 
are found ten to twelve hours or longer 
after ingestion. These cycles of gastric 
motility are apparently brought about by 
extraneous conditions, so that evaluation 
of the emptying time, without considera- 
tion of the “motility cycle,” is misleading. 
On numerous occasions, motility did not 
really begin until the second or third hour 
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or later; then it proceeded normally— 
hence, we may have a four to six or eight 
hour emptying time in a perfectly normal 
stomach. Gaseous distention of the colon 
with an incompetent ileocecal valve may 
produce an intermittent ileus Avith cor- 
responding reflex gastric inactivity and 
absent motility for several hours. Under 
these circumstances, a saline enema or 
simple deflation of the colon will almost 
immediately bring about normal gastric 
motor function and motility. 

In our proved cases of advanced pyloric 
stenosis, the more rapid motility rate took 
place during the first three or four hours, 
followed by a much slower rate or complete 
gastric inactivity — requiring ten to twelve 
or more hours for complete evacuation. 

The cases (20) interpreted as mild py- 
loric muscle hypertrophy had a pyloric 
canal not exceeding 0.5 cm. in length and 
an emptying time of four to four and a half 
hours. The cap was visualized fairly well in 
all these cases, and, in approximately one- 
half this number, gastric peristalsis was 
hyperactive, with the observance of an oc- 
casional reverse gastric peristaltic waA'-e. In 
the remaining half, the stomach Avas atonic, 
enlarged, Avith neA'-er complete filling of the 
cap. These patients all did aa^cII AA'ith anti- 
spasmodics and thick gruel feedings; all 
AA^ere symptom free six months after initial 
examination. In all probability, the symp- 
toms of vomiting AA^ere due largely to a dis- 
turbed gastric motor function. This group 
might include a large number of these cases 
in AA'hich subsidence of symptoms is 
ascribed to a gradual disappearance of the 
pyloric muscle hypertrophy. It is extremely 
doubtful AA'hether true pyloric muscle hy- 
pertrophy Avith symptoms not controlled 
by thick gruel feedings and antispasmodics 
eA^er disappear spontaneously. While one 
may not be justified in making a diagnosis 
of moderate pyloric muscle hypertrophy 
based on the length of the pyloric canal, re- 
tarded gastric motility is certainly not a 
reliable index due to the numerous extr.y 
gastric influences on the rate of gastric 


eA’'acuation, and in tliis particular group re- 
gurgitation AA'as frequently associated Avith 
reA'^ersed gastric peristalsis seen roentgeno- 
scopically. 

With complete, incomplete, or recurrent 
obstruction distal to the pyloric ring, the 
stomachs AA^ere usually large, atonic, AA’ith 
shallow peristaltic Avaves, if any, and a di- 
lated intestine proximal to the point of ob- 
struction. There AA’as no period of normal 
gastric motility, and the amount of gastric 
retention Avas, in general, proportional to 
the degree of stenosis. 

FINDINGS IN PVLORIC MUSCLE 
HYPERTROPHY 

1. Early — a. Stomach orthotonic occa- 
sionally h)q5ertonic. b. Intermittent gastric 
h3'perperistalsis. 

2 . Late — a. HA^potonic to atonic, b. Fee- 
ble, shalloAv peristaltic AA^aves limited al- 
most entireh^ to the pAdoric region. 

3. A constant, unchanging, narroAved 
caliber of pAdoric canal AA'itli elongation 
beyond 0.5 cm. 

4. If PAdoric canal cannot be demon- 
strated, one should look for a “beak-like” 
projection of barium pointing toAvard the 
cap from mid-portion of antrum. 

5. The demonstration of “shoulders” 
conA'^exh’’ directed tOAvard the pars media 
in AA'ell adA'^anced cases. 

6. Visualization of the cap simply by 
specks of barium or partial filling (neA'’er 
complete filling of cap). 

7. Absence of caxHc motility and pro- 
longed emptying time (50 per cent or less 
cAmeuated at the end of four hours, not in- 
fluenced by antispasmodics.) 

OBSTRUCTIONS DISTAL TO PVLORIC RINU 

1. Atonic and usualh’’ enlarged stomach. 

2. Absence of peristaltic activity. 

3. Normal pyloric canal. 

4. Complete filling and good visualiza- 
tion of cap. 

5. Stasis and dilatation of small intestine 
proximal to point of obstruction and col- 
lapsed intestine distal to this point. 
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6. Distended loop of small intestine lim- 
ited to one part of the abdomen in the erect 
position. 

CONTI.fSlOX 

In the absence of intracranial injury or 
puhm'inary infectiem it is our belief that 
the roentgen examination has a delinite 
place in the investigation of the infant’s 
gastrointestinal tract in the presence of 
vomiting with clinical findings suggestive of 
pyhwic stenosis. We can ilcmonstrate the 
tiegree of pyloric stettosis or locate with a 
reasonable degree of accuracy the point of 
atresia or extrinsic pressure distal to the 
pyloric ring and thus guide the surgeon in 
his operative approach. ‘Phe vast majority 
of these eases do not call for any emergency 
operative intervention and, if carefully 
studied, we hclieve one can largely separate 
the medical from surgical cases. One must 
keep in mind the cyclic activity and jnotil- 
ity of the infant’s stomach and its suscepti- 
bility to various extraneous influences and 
not rely solely on the rate of gastric motility 
as a very important criterion in ])yloric 
stenosis. Of the 38 eases not operated upon, 
the symptoms in t8 were apparently due to 
an adynamic “ileus-iikc” state of the small 
intestine, largely the result of acrophagia. 
'I’hcy respond readily to treatment directed 
to the elimination and prohibition of gas 
accumulation in the stomach and small in- 
testine. 

The 20 cases in which there might have 
been a moderate hypertrophy of pyloric 
muscle, with the canal not elongated be- 
yond 0.5 cm., the symptoms Averc due 
largely to a disturbed gastric motor func- 
tion, easily controlled by thick gruel feed- 
ings when extraneous influences are elimi- 
nated. These non-operative eases might in- 
clude a large number in which the sub- 
sidence of symptoms has been attributed to 
a gradual disappearance of the hypertro- 
phied mass of pyloric muscle. All were 
symptom free two to six months following 
the examination. 


Those eases which will most likely re- 
quire surgery have an enlarged, slightly 
atonic stomach, a narrow pyloric canal, 
elongated beyond 0.5 cm. and more than 
50 per cent gastric retention under ideal 
conditions (usually 70 to 80 per cent) at the 
cmi of four hours. 
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GASTRIC VOLVULUS AND OTHER ABNORMAL 
ROTATIONS OF THE STOMACH 

By LIEUTENANT COLONEL JOHN B. HAMILTON* 

Medical Corps, Army of the United Stales 


ASTRIC volvulus is an abnormal rota- 
tion of the stomach. Schatzki and 
Simeone® point out that any changes in 
position of the stomach must be by some 
form of rotation and, therefore, rotation, 
per se, is not necessarily volvulus, as in the 
case of high lying stomachs of obese in- 
dividuals. They class the “upside down” 
appearance of the high stornach commonly 
found associated with eventration of the 
diaphragm as one example of the same 
phenomenon. However, true volvulus may 
occur in the presence of eventration (see 
Case vi). A rotation of the stomach, reach- 
ing or closely approaching 180 degrees, 
which spontaneously reduces itself, is re- 
ducible by manipulation, or can reasonably 
be assumed to be the result of injury, will 
be considered true gastric volvulus. Other 
abnormal rotations are those which are 
not subject to reduction either spontane- 
ously or manually, and which can be as- 
sumed to be variations on a basis of con- 
genital anomalies. 

The terminology of classification of this 
unusual condition is conflicting. Singleton" 
states that “Gastric volvulus may be de- 
fined as an abnormal anterior or posterior 
rotation of almost all of the stomach about 
either the coronal or sagittal axis of the 
body. The stomach being fixed by the 
gastro-phrenic ligaments above and the 
peritoneum covering the second portion of 
the duodenum below, is limited in mobility 
between these fixed points only by the 
length of the gastro-hepatic omentum and 
may be displaced within these limits by 
extrinsic pressure from whatev'^er cause. 
Pressure displacement of the stomach is, 
therefore, very common, but actual rota- 
tion of a part or almost all of the stomach 
is relatively rare and would seem to require 


unusually long gastro-hepatic and gastro- 
colic mesenteries to allow of its occurrence.” 
He classes volvulus as to type: “(a) Or- 
gano-axial. Rotation of the stomach upward 
around the long axis of the stomach, i.e, 
around the coronal plane. ' (b) Mesentero- 
axial. Rotation of the stomach from right 
to left, or left to right, about the long axis 
of the gastro-hepatic omentum.” Volvulus, 
according to Becker,^ as reported by Mor- 
rison, ^ is an organo-axial rotation of the 
stomach, and torsion is a twist of the 
stomach. Torsion falls into Singleton’s 
classification as mesentero-axial volvulus. 
Shanks, Kerley and Twining^ state that in 
one type of volvulus, “the stomach folds it- 
self on the coronal axis,” and in the other 
type there is torsion of the fundus. For the 
purposes of this paper, volvulus will be di- 
vided into (i) organo-axial volvulus (rota- 
tion on the coronal axis) and (2) torsion 
volvulus. 

In acute gastric volvulus, the rotation is 
so great that the blood supply of the stom- 
ach is interfered with, and immediate sur- 
gery is indicated. None of the cases pre- 
sented here fall into this group. 

The following cases, because of the char- 
acteristic roentgen findings and interesting 
clinical pictures, are believed worth re- 
porting. 

REPORT OF CASES 

Case i. fCase of Dr. V. W. Archer.) C.D.b-} 
white, female, aged twenty-eight. The patient 
had previously been seen with varied com- 
plaints believed to be on a psychoneurotic 
basis. Her chief complaint was indigestion and 
burning in the epigastric and substernal Re- 
gions. She was quite obese, her weight was 244 
pounds, height 5 ft. 5 in- Although she was a 
nullipara there were striae over her abdomen. 
Hemoglobin was 85 per cent (Dare) but tlic 
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feces and vomitus gave a four plus reaction to 
the benzidine test. Roentgenoscopic examina- 
tions showed the antrum twisted in relation 
to the body of the stomach. As a result of the 
torsion, the duodenal bulb pointed to the left 
(Fig. i). With a few days of bed rest the symp- 
toms subsided. Two weeks following this epi- 
sode the stomach was negative. Four months 
later the stoiUvach presented a cascade appear- 
ance which did not resemble either type of vol- 
vulus and was otherwise negative. There were 
no similar episodes over the period of one year 
following the first examination, during which 
time the patient had been on a reducing diet 
and had lost a good deal of weight. 

Comment, Tlie excessive degree of twist- 
ing, as demonstrated by the pattern of the 
rugal folds and the position of the bulb 
(Fig. i) and the spontaneous reduction are 
consistent with the diagnosis of torsion 
volvulus. 

In obese individuals a .somewhat similar 
appearance is sometimes demonstrated in 
normal high lying stomachs. The minor 
twisting of the rugal pattern and the nor- 
mal position of tlie bulb differentiate tor- 
sion volvulus from a normal high lying 
stomach. 

Attention has been called to the differ- 
ence in appearance between gastric volvu- 
lus and a cascade stomach. Intra-abdomi- 
nal pressure due to obesity is believed a 
contributory factor in this case. 



Fig. I. Case i. Torsion volvulus. The twisting of the 
stomach on itself, demonstrated by the pattern of 
the rug.il folds, occurs at the junction of the 
antrum and the pars media. The bulb is pointed 
to the left. 



Fig. 2. Case ii. Organo-axial volvulus. The rotation 
of the greater curvature into a superior position 
causes a relative shortening of the stomach and a 
puli on the bulb, causing the antnim and the bulb 
to point downward. 

Case ii. (From the files of University Hos- 
pital, Charlottesville, Virginia.) M.B.F., white, 
female, aged forty-two. For three years, at 
intervals of from one to three months, there had 
been attacks of nausea, vomiting and epigastric 
pain but no belching or hematemesis. Each epi- 
sode was sudden and there were no premonitory 
symptoms. Symptoms were severe but undu- 
lating in nature, being first severe than gradu- 
ally fading, this sequence being repeated 
several times in each attack. At no time during 
an attack did the pain disappear completely. 
The pain was localized in the epigastrium just 
below the xiphoid and did not radiate. It felt 
“as if something was squeezing down deep in- 
side.” In the months just previous to admission, 
attacks gradually became more severe, more 
frequent, and lasted as long as ten days. It is 
worthy of note that during these symptomatic 
periods vomiting occurred after solid food in- 
take but not after intake of fluid alone. Appetite 
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was excellent except during a severe episode. 

Two and one-half years prior to this admis- 
sion, roentgen studies of the stomach had been 
negative. On this admission the diaphragm 
appeared normal on roentgenoscopic examina- 
tion. In the upright position, barium flowed 
through the cardiac orifice into a large pos- 
terior gastric pouch. The pars media was ro- 
tated upward so that the greater curvature was 
above the lesser and it was superior to the level 
of the cardia. After this pouch filled the barium 



Fig. 3 - Case n. Organo-axial volvulus. Uariuni 
enema showing the displacement of the splenic 
flexure upward and to the right due to the pull 
on the gastrocolic ligament by the rotated stomach. 

poured into the rest of the stomach so that there 
were two fluid levels. The rotation of the greater 
curvature to a superior po'^ition in rciafiim 
to the lesser cau'^ed a pul! upward on the antrum 
an.ri bulb which pointed downv/ard. 'I'lie roent- 
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Comment. 7'his case is bcliet'cd to repre- 
sent a typical picture of recurrent, chronic 
gastric volvulus, with the history typical as 
well as the roentgen findings. It is notable 
that the patient did not belch during at- 
tacks and it is thought that this was due 
to the dependent position of the junction of 
the cardiac orifice which prevented the 
stomach bubble from coming in contact 
with the cardiac end of the esophagus. 
Relaxed intra-abdominal ligaments arc be- 
lieved to be a contributor}'^ factor in the 
production of the abnormal rotation of the 
stomach in this patient. 


Case in. fFrom the file.s of the Univcr.sify 
Hospital, Charlottesville, Virginia.) lI.R.W., 
white, male, aged forty-two. Thi.s patient was 
admitted because of nausea, vomiting, epi- 
gastric discomfort, and progressive weakne.*-'- 
of five months’ duration. 'I’here had been a 
weight loss of 56 pounds, 7'hc clinical picture 
was clouded since there had Iieen a recurrent 
diarrhea, nausea, and vomiting with fever three 
years previously, which was diagnosed as non- 
tropical sprue. At the initial e-vamination the 
diaphragm was normal. No abnormalities of 
the stomach were noted. 'J‘he duodenum, from 
the bulb to the ligament of 'I’reitz, was sotne- 
what dilated and there was a iow grade ob- 
struction at this point. Rev'crse peristalsis al- 
ternated with normal peristalsis from the hidh 
to the ligament of 'Freit'/. in the upright, supine, 
and prone positions, 7'iicrc was tenderness at 
the point of obstruction. At .six luAirs it v'as 
decided to re-examine the stomach and dw^- 
denum. On administration of additional bar- 
ium, in the upright position, the meal w.as seen 
to enter a pocket at the cardiac end of tf'.e 
stomach. When this pocket filled the harjtim 
flowed up under the diaphragm and to the neht! 
to form a loop as it flowed info the antrum 
which was drawn upward by a rotation of 
stomach, causing the bui!> and ruitrtim to p 
downward. 'J’herc was no licla}' at the iigisnirnt 
of 'I’rcit/, at this examination. liariifm rm iu- 
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volvulus demonstrated the “loop” effect 
sometimes seen when the barium first 
reaches the stomach. This effect is best 
seen with the patient upright, in the pos- 
teroanterior position before the fluoro- 
scopic screen. The severe primary weight 
loss and the atonic redundant colon are be- 
lieved contributory factors in the produc- 
tion of volvulus in this case. Shanks, Kerley, 
and Twining call attention to the unusual 
evanescent quality of gastric deformities 
due to the colon. 

Case iv. (From the files of Holston Valley 
Community Hospital, Kingsport, Tennessee.) 
H. L., white, male, aged fifty-four. The patient 
was well until six months previous to examina- 
tion, at which time he began to have constant 
nausea with discomfort in the epigastrium and 
para-umbilical area. He vomited several times. 
There was no hematemesis. Belching gave some 
relief. After this episode, which cleared up 
spontaneously, the patient was well until one 
month prior to examination, when he again de- 
veloped nausea and vomiting. There was rapid 
weight loss and the patient became cachetic in 
appearance. His abdomen was almost constant- 
ly distended. 

On roentgen examination the diaphragm was 
normal. The barium meal flowed into the 
stomach and was seen to make a loop in the 



Fig. 4. Case iv. Organo-axial volvulus. The loop at 
the cardiac end of the stomach is demonstrated. 
The greater curvature of the stomach lies in a 
superior position. The antrum is pulled upward 
and the bulb points downward. 



Fig. 5. Case iv. Organo-axial volvulus. An air con- 
trast study of the large bowel showing the unusual 
degree of redundancy. 


cardiac portion. The greater curvature was 
rotated superiorly and the bulb and antrum 
were drawn upward; the pull of the gastro- 
hepatic ligament caused them to point down- 
ward (Fig. 4). Except for this organo-axial rota- 
tion, no abnormalities were noted in the stom- 
ach. A large collection of gas in the colon, 
especially in the splenic flexure, was noted. A 
barium enema, which required twice the usual 
amount of barium mixture, showed a tremen- 
dous, redundant colon (Fig. 5). A re-examina- 
tion of the stomach, following enemas, showed 
the stomacli no longer rotated. 

Comment. This case of chronic organo- 
axial volvulus is associated with a very 
redundant colon. The transient quality of 
this type of abnormal rotation, associated 
with abnormalities of the large bowel, was 
again demonstrated. 

Case v. (From the files of University Hos- 
pital, Charlottesville, Virginia.) B.E.L., white, 
male, aged si;xty-one. The patient was ad- 
mitted following a four day history of nausea 
and repeated vomiting, but no hematemesis or 
tarry stools, associated with burning, cramping 
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Fig. 6. Case v. Organo-axial rotation of the stomach. 
High mid-transverse colon, in anterior hepato- 
diaphragmatic interposition, associated with the 
organo-axial rotation of the stomach. 

epigastric pain. Although the pain was chiefly 
epigastric, it had occurred in both flanks and 
both upper quadrants and on one occasion had 
radigted to the shoulders. Until this episode 
there had been no gastric symptoms for over 
twenty years. 

Roentgen examination showed a normal dia- 
phragm. The stomach was rotated so that the 
greater curvature lay in a superior position, the 
antrum and bulb pointed downward. A barium 
enema showed the mid-transverse colon dis- 
placed upward in partial hepatodiaphragmatic 
interposition (Fig. 6). After several weeks in 
the hospital there was a remission of symptoms. 
There is no follow-up. 

Comment. This case does not meet all of 
the criteria of a gastric volvulus since a 
negative roentgen examination of the 
stomach was not obtained. However, it is 
believed an organo-axial volvulus, associ- 
ated with an unusual position of the colon. 

Case vj. (From the files of University Ho.s- 
pital, Charlottesville, Virginia.) H.M.J.,colored, 
female, aged thirty-eight. There was a history 
of intermittent abdominal pain for four years. 


The chief complaint was “stomach trouble” 
with mild aching and tenderness in the epi- 
gastrium. The abdomen was distended. There 
had been no episodes of nausea and vomiting. 

Roentgen examination showed an eventra- 
tion of the diaphragm on the left. On examina- 
tion of the upper gastrointestinal tract, the pars 
media was rotated to a position superior to the 
level of the cardia and antrum. The antrum 
was pulled upward along with the bulb, the pull 
of the gastrohepatic ligament causing the bulb 
and antrum to point downward. The esophagus 
entered the stomach in a dependent position. 
Two fluid levels were well demonstrated in the 
stomach, one in the cardia and one in the 
antrum (Fig. 7). The findings were unchanged 
during three examinations over a period of two 
months until during the third examination, in 
the prone position, the stomach resumed its 
normal position. Three months later the 
stomach initially presented a rotated appear- 
ance and it was again determined that, in the 
prone position, it was subject to reduction to 
normal position. 



Fig. 7. Case vi. Organo-axial volvulus. The rotation 
of the greater curvature to a superior position, 
two separate fluid levels, one in the cardiac portion 
and one in the antrum of the stomach, arc "o 
demonstrated. The antrum is pulled up causing t le 
bulb to point downward. In the prone position 
this stomach resumed its normal position upon 
occasion. 
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Comment. It is believed that the organo- 
axial volvulus was concomitant with dia- 
phragmatic eventration. When intra-ab- 
dominal pressure on the stomach was 
lessened, in the prone position, the stomach 
would, upon occasion, resume its normal 
position. This is reported as a case of true 
chronic gastric volvulus, associated with 
eventration of the diaphragm. 

Case vii. (Case of Dr. V. W. Archer.) B. A., 
white, male, aged sixty-five. This patient, who 
was quite obese, was examined because of a sec- 
ondary anemia of unknown etiology. At the first 
examination the stomach was high, small, and 
hyperactive. It emptied quickly and no ab- 
normalities were found. At a subsequent ex- 
amination a small diaphragmatic hernia was 
demonstrated, and the stomach was rotated so 
that its greater curvature was in a superior 
position, its lesser curvature in an inferior 
position, and the antrum pulled upward. The 
bulb and antrum pointed downward (Fig. 8). 



Fig. 8. Case vii. Organo-axial volvulus. The greater 
curvature is seen rotated above the lesser curva- 
ture. A portion of the pars media projects through 
a small diaphragmatic hernia. 

In addition to a large, redundant, spastic 
colon, a filling defect was demonstrated in the 
cecum. At operation a carcinoma of the cecum 
was found. 

Cotnment. A case of organo-axial volvulus 
which apparently was unconnected with 
the patient’s symptoms has been pre- 


sented. Obesity, redundancy of the colon, 
and diaphragmatic hernia all may have 
been etiological factors in the production 
of this abnormal rotation. 

Case viii. (From the files of Lawson General 
Hospital, Atlanta, Georgia.) White male, aged 
twenty-five. This patient was in an automobile 
accident which caused three ribs to be frac- 



Fig. 9. Case viii. Organo-axial volvulus. The cardia 
is in a dependent position, the greater curvature is 
superior to the lesser curvature. The antrum is 
dr.awn upward and the bulb points downward. 
The abnormal rotation of the stomach is associ- 
ated with a traumatic herniation of the diaphragm. 

tured. He immediately developed difficulty in 
breathing. The line of demarcation between the 
left lung and abdominal viscera on the left was 
high and a tentative diagnosis of traumatic 
diaphragmatic hernia was made. When first 
seen here his complaint was of vague discom- 
fort in the epigastrium when walking. His in- 
duction roentgenogram showed a normal 
left hemidiaphragm. Gastrointestinal studies 
showed the esophagus entering the cardia in a 
dependent position. The greater curvature of 
the stomach was rotated above the lesser. The 
antrum was pulled upward and the bulb pointed 
downward (Fig. 9). The colon, except for an 
unusually high splenic flexure, was normal in 
position. Since roentgenoscopic study with 
barium in the stomach in the routine Trendelen- 
burg position had failed to confirm the presence 
of a traumatic hernia, air was injected into the 
peritoneal cavity and an upright roentgeno- 
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was rotated so that the greater curvature was 
superior to the lesser, and the pars media was 
above the level of both the cardiac end and 
the antrum. The antrum and bulb pointed 
downward (Fig. ii). Associated with this was 
displacement of the colon in the area of the 
splenic flexure (Fig. 12). During his stay in the 
hospital the patient suffered one severe episode 
of abdominal pain, associated with nausea and 
vomiting, which lasted a few hours. After this 
the patient was asymptomatic but the stomach 
was seen to remain rotated at a subsequent 
examination. 

Comment. A case of organo-axial rotation 
of the stomach, associated with a probable 
diaphragmatic eventration, has been pre- 
sented. Even though the stomach remained 
rotated, gastric symptoms were intermit- 
tent. This case illustrates the difficulty in 
making a differential diagnosis between 
eventration and traumatic hernia of the 
left hemidiaphragm. The usual Trendelen- 
burg position failed to reveal evidence of 
traumatic herniation and additional diag- 



Fig. 12. Case ix. Organo-axial rotation. The unusual 
tw isting of the large bowel associated u ith the ab- 
normal rotation of the stomach is demonstrated. 


0/ 

nostic studies (such as were used in Case 
viii) were not carried out. 

Case x. (Case of Dr. P. L. Fisher.) E. R., 
white, male, aged fifty-four. Three years previ- 



Fig. 13. Case x. Organo-axial rotation. The ab- 
normal rotation of the stomach under the high left 
diaphragm is demonstrated. The greater curvature 
is superior to the lesser. The esophagus enters in a 
dependent position, the antrum and bulb point 
downward. 

ous to the gastrointestinal series the patient 
had been seen and was complaining of sour 
stomach, belching, and pain in his stomach 
when it was empty. The chief complaint at the 
time of this examination was of pain in the 
stomach, nervousness, and burning. There was 
some abdominal tenderness. 

Roentgen examination showed the left hemi- 
diaphragm very high and there was no history 
of injury to suggest traumatic herniation. The 
esophagus entered the cardia in a dependent 
position. The cardia and antrum were below the 
level of the pars media, which was rotated up- 
ward so that the greater curvature was superior 
to the lesser curvature. Barium first filled the 
cardiac end of the stomach and finally poured 
over into the antrum (Fig. 13). Two fluid lev^els 
were seen, one in the antrum and one in the 
cardia. Unlike a cascade stomach in which the 
cardiac portion forms a pouch hanging down, 
the body of the stomach was superior to the 
cardiac portion. 

Comment. This is a case of organo-axial 
rotation of the stomach associated with 
eventration. 
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]‘'iG. 14. Case XI. Right-sided thoracic stomach. 
A large stomach bubble is seen in the right side of 
the thoracic cavity above the diaphragm. (Note 
absence of stomach bubble under the left hemi- 
diaphragm.) 
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Case xi. (From the files of Lawson General 
Hospital, Atlanta, Georgia.) White male, aged 
twenty-seven. This patient, who was 5 ft. 10 in. 
in height and weighed 150 pounds, had suf- 
fered stomach trouble” for from six to eight 
years. There had been a swelling under the siiort 
rib on the right, at irregular intervahs, which 
was not influenced by type or quality of food 
intake. This swelling was associated with a con- 
stant pain in the right upper quadrant of the 
abdomen, and a “quivering of my stomach and 
my heart beats fast.” Nevertheless, for the past 



Fig. 16. Case xi. Right-sided thoracic stomach. 'I'he 
stom.ach lies herniated through the foramen of 
Morgagni, superior to the right hemidiai)hragm. 
The colon is incompletely rotated, 'i'he fold of 
bowel at the splenic flexure is pulled somewhat to 
the right by what is believed to be an unusually 
long gastrocolic ligament. 

two years he had been in the Army and able 
to perform his military duties. 'I'liere was no 
history of trauma which could enter into the 
etiology. 

Roentgenological studies were made which 
.showed n large pocket of gas in the thoracic 
cavity at the riglit base against tlie lower bor- 
der (tf the heart, displacing the anterior portion 
of the lower lung tipward, pnsteri(irly, and 
laterally. 'I’here was no stmnach bubble under 
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the left hemidiaphragm (Fig. 14). In the left 
anterior oblique and lateral roentgenograms, 
the gas pocket was seen to lie anteriorly and 
above the diaphragm (Fig. 15). A gastroin- 
testinal series showed the esophagus in normal 
position down to a point 4 cm. above the dia- 
phragm where it turned to the right and sharply 
upward and was attached to the stomach which 
lay in the thoracic cavity in the position of the 
stomach bubble described above. To attain 
this position the stomach had undergone 
marked rotation (Fig. 16). A barium enema 
showed an unusual degree of separation of the 
stomach from its usual anatomical position 
with the transverse colon. The colon was not 
completely rotated allowing a large fold of 
bowel to be displaced to the right at the splenic 
flexure. 

Comment. An abnormal gastric rotation 
of a right-sided thoracic stomach (not asso- 
ciated with situs inversus) has been pre- 
sented. The findings are consistent with 
a congenital herniation of the stomach 
through the foramen of Morgagni, Associ- 
ated with this was an abnormal position 
of the colon. 

DISCUSSION 

In all of the cases presented relaxed 
intra-abdominal attachments are believed 
to have been present. Obesity, trauma, 
marked weight loss preceding gastric rota- 
tion and anomalous development were 
varying factors in the etiology of most of 
the abnormal gastric rotations. A large, 
redundant, or abnormally situated colon 
was a feature in several cases of true volvu- 
lus. Attention has been called to the tran- 
sient nature of some of these. Eventration 
of the left hemidiaphragm was present in 3 
cases, in i of which there was a true volvu- 
lus. In 1 cases of volvulus there was a 
herniation of the diaphragm, i traumatic, 
the other a small herniation in an obese in- 
dividual. An unusual congenital variation, 
a right-sided thoracic stomach, congenital- 
ly herniated through the foramen of Mor- 
gagni, has also been reported. 

Symptoms, while not characteristic, were 
present in all cases but one, in which case 
there were none referable to the gastric 


rotation, which was fleeting in character. 
In all of the other cases there was discom- 
fort or pain in the epigastrium. In 6 cases 
there was nausea and vomiting. In several 
with true volvulus there was a history of 
similar attacks previously, with a complete 
remission of symptoms between attacks. 
Hematemesis and significantly positive 
benzidine tests on feces were present in only 

1 case. Marked weight loss, directly at- 
tributable to the rotation of the stomach, 
was present in only 2 patients. 

The characteristic findings in various 
rotations of the stomach, usually best seen 
in the upright, posteroanterior position, be- 
fore the fluroscopic screen, have been de- 
scribed and illustrated. While in some cases 
the colon is displaced with the stomach, or 
vice versa, it is interesting to note that in 

2 cases there was an extremely long gastro- 
colic ligament (Cases viii and xi). It is 
obvious that in cases of true volvulus the 
finding may be missed unless the patient 
is examined during an attack. When there 
is an eventration of the left hemidiaphragm 
there may be an organo-axial rotation 
which is not true volvulus, but true volvu- 
lus does occur in the presence of eventra- 
tion (Casevi). 

The differential diagnosis between even- 
tration and herniation of the diaphragm is 
important since, in the presence of hernia- 
tion, a repair of the diaphragm, as in i case 
presented (Case viii) both relieved symp- 
toms and caused the stomach to return to a 
normal position. In carefully selected cases 
it is possible that surgery may be helpful 
in restoring the stomach permanently to a 
normal position with relief of symptoms. 

SUMMARY AND CONCLUSIONS 

1. Gastric volvulus implies an abnormal 
rotation of the stomach of, or approaching, 
180 degrees which is not a congenital varia- 
tion and which is subject to reduction. 

2. There are two distinct types of volvu- 
lus, organo-axial, the most common, and 
torsion type, each giving a characteristic 
roentgenological appearance. 
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3. Organo-axial volvulus should be dif- 
ferentiated from other abnormal rotations 
of the stomach, and torsion volvulus from a 
high lying stomach in the presence of 
obesity. The differential diagnosis has been 
discussed. 

4. There is little or no similarity between 
a cascade stomach and gastric volvulus. 

5. Attention has been called to methods 
which may be used in differentiating be- 
tween an eventration of the left hemidia- 
phragm and traumatic herniation (Case 

VIIl). 

6. Etiology and symptomatology have 
been discussed. 

7. One case of torsion type volvulus, six 
of organo-axial volvulus, one believed to 
be organo-axial volvulus, two abnormal 
rotations, which were constant and associ- 
ated with eventration of the diaphragm, 
have been reported. In addition, one con- 
genitally right-sided thoracic stomach (not 
associated with situs inversus) herniated 


through the foramen of Morgagni, has been 
reported. 

I am especially indebted for help in writing this 
article to V, W. Archer, M.D., University Hospital, 
Charlottesville, Virginia; to various members of the 
staff of the University Hospital, Charlottesville, 
Virginia, and of Lawson General Hospital, Atlanta, 
Georgia, as well as to P. F. Fisher, M,D., Tacoma 
Hospital and Sanatorium, Greenville, Tennessee, 
who granted me permission to include his case. 
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OIX cases of osteochondritis dissecans in 
^ the intra-articular portion of the supra- 
trochlear septum have been observed by us 
among young adult males during the past 
two years. Any known antecedent injury 
was commonly trivial; disability was the 
most prominent complaint. Of these cases, 
5 have been operated upon with consequent 
confirmation of the diagnosis and relief of 
symptoms. Five have been considered suit- 
able for reproduction. 

Pfitzner^'* (1891), in his study of the 
sesamoid bones, described a condition at 
the elbow under the term “sesamum 
cubiti” which we believe has been subse- 
quently used in error to describe the lesion 
under consideration. 

Reports of but 6 otlier cases have been 
found in the literature since the advent of 
roentgen rays as diagnostic means. Hirsh,’’ 
Grauer,® Winckler,^® Atsatt,’- Kleinberg,® 
and Burman® each described a single case 
of d separate nucleus of bone located either 
in the supratrochlear septum or extruded 
into the elbow joint proper. Although an 
assbciated defect was present in the supra- 
trochlear septum, the concept of the os- 
sicle as a sesamum cubiti was generally 
entertained. This supposed sesamoid was 
thought to become intra-articular by some 
means, and in one instance was believed 
to have been pressed into a pre-existing 
supratrochlear foramen.® In commenting 
on Grauer’s case, Kohler^® doubted that 
the ossicle was either an accessory epiphysis 
or a sesamum cubiti and suggested that 
further anatomical study might shed light 
on the matter. 

Histopathologic findings were not re- 


corded in any of the reported cases al- 
though in 3 instances the ossicle was re- 
moved.^’®’^® In none was a definite occupa- 
tional predisposition established; trifling in- 
juries preceded symptoms in the majority 
of cases. 

As a result of the increasing use of the 
diagnostic roentgenogram, we believe that 
a sesamum cubiti, more properly termed 
“patella cubiti,” does occasionally appear 
as an inconstant sesamoid in the triceps 
tendon.'’®’^® This is entirely independent 
and different from osteochondritis dis- 
secans of the supratrochlear septum. 

PREDISPOSING ANATOMICAL FEATURES 

The supratrochlear septum, usually a 
thin plate of bone in the distal humerus, 
lies between the medial and lateral supra- 
condylar ridges just above the trochlea. It 
separates the coronoid fossa anteriorly 
from the olecranon fossa posteriorly. The 
lower portion of the septum is intra-articu- 
lar on both the anterior and posterior 
surfaces.^ Although commonly a complete 
osseous plate of varying thickness, thinnest 
at the base, it may in the process of de- 
velopment become perforated to form the 
“supratrochlear foramen.”^’- This variant 
is said to be less frequent in the more highly 
developed mammalia and even among the 
more civilized humans than the aboriginal 
(Miller, quoted by Hirsh). It is not present 
at birth nor in the early years before the 
fossae and processes of the ulna approach 
their mature form, although such is said to 
have been observed as early as the seventh 
year. As the humerus develops, a possible 
disturbance of local blood supply may ac- 


* From the Roy.il Canadian Naval Hospital, Esquimalt. B. C., Canada. Presented at the Joint Meeting of the American Roentgen 
Ray Society and the Radiological Society of North America, Chicago, 111 ., Sept. 24-29, 1944. 
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count for the loss of continuity resulting 
m a supratrochlear foramen in one and the 
development of the nucleus of an osteo- 
chondritis dissecans in another. Such a 
vascular disturbance, perhaps incident to 
minor traumata, would conform to the 
rather widely accepted theory of the 
etiology ^ of osteochondritis dissecans in 
other joints. We have observed either a 


tion at the knee, in which a long cruciate 
spine IS commonly associated with an 
osteochondritis dissecans of the medial 
femoral condyle,^® and may possibly be the 
contributing traumatic agent. 

THE LESION 

As in osteochondritis dissecans else- 
where, roentgenologic studies of the elbow 



Fig. I . Case i, L. L., aged twenty-one. With no history of direct injury, the left elbow locked and was painful 
for four days. The pain recurred in three months and lasted two days. Examination revealed a 40° diminu- 
tion of flexion and extension of left elbow. 

Roentgenographic examination demonstrates a single circular osseous nucleus situated in the supra- 
trochlear septum of the left humerus. A clearly defined translucent zone borders the nucleus; this is the 
fibrous tissue replacement zonew'here separation occurs. In (B) the arrows indicate the undisplaced ossicle 
in the supratrochlear septum. The opposite elbow (C) demonstrates an extremely thin supratrochlear 
septum which occupies an identical site and is of similar contour to the defect on the left side. (Reproduced 
by permission from the Journal 0/ Bone and Joint Surgery, January, 1945, 2 J, 12-24.) 


supratrochlear foramen or an unusually 
thin septum in one arm and osteochondritis 
dissecans in the opposite one in 4 of our 
cases (Fig. iC). Removal of the osteo- 
chondritic nucleus results in a defect of 
similar roentgenologic appearance to that 
of a supratrochlear foramen (Fig, 3C and 
46’). This further suggests a common basic 
etiology. 

Although the site would appear unusual, 
in that it is not a condylar surface, abut- 
ment of the olecranon process or the coro- 
noid process of the ulna respectively in full 
extension or flexion is possible. Such may 
then be considered analogous to the situa- 


in the classical case discloses a circular 
button of bone lying in the olecranon or 
coronoid fossa intimately in contact with 
the lower and intra-articular portion of the 
supratrochlear septum (Fig, i and 2). The 
ossicle or nucleus has a somewhat more 
dense periphery which in turn is bordered 
by a translucent zone of varying thickness, 
depending on the degree of separation. Par- 
tial or completely free extrusion into the 
contiguous joint space may occur. 

In some cases the nucleus may be frag- 
mented, with several osteocartilaginous 
bodies of amorphous and granular appear- 
ance in the humero-ulnar joint (Fig. 3 and 
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Fig. 2. Case ii. R. J. W., aged thirty-two. 

Patient was a carpenter before joining 
the Navy. Onset of symptoms occurred 
fifteen years previously with sliarp pain 
in the right elbow. Attacks occurred in- 
termittently every two weeks to six 
months; the last occurred after playing 
baseball. Excessive hammering was 
stated to be responsible for similar at- 
tacks. Maximum tenderness was above 
olecranon process. Seventy per cent flex- 
ion and extension was present in right 
elbow. 

Roentgenograms and {B) illustrate 
an ossicle almost identical to that shown 
in Figure i. Note the translucent zone 
centrally, the increased bony density at 
the periphery and the bordering trans- 
lucent zone of separation. 

The ossicle was removed at operation 
and subsequent roentgen examination disclosed a perforate septum formerly occupied by the removed 
fragment. A supratrochlear foramen was present in the opposite elbow. (Reproduced by permission from 
the Journal of Boue a)id Joint Surgery, January, 1945, 2/, 12-24.) 





Fig. 3. Case iii. E. P. M., aged twenty-four. This patient, a Chief Petty Oflicer, has been in the Royal Cana- 
dian N^avy for seven years as a gunner, tie was serving on two Canadian destroyers at the time of their 
sinkings. He recalls no elbow injury although he was admitted to a hospital in England with concussion 
and abrasions. The first attack of pain in the right elbow occurred five years ago, without aggravating 
circumstances. The second attack occurred one year ago and he was under medical observation for five 
months, when operation was performed. 

Roentgenographic examination (J) illustrates an ossicle which has sequestrated from the supratrochlear 
septum and is situated in the coronoid fossa as shown in ( 5 ). In this instance the ossicle appears amorphous. 
It has apparently fragmented, as a second intra-articular ossicle is shown at the olecranon tip (j 4 ) and (R). 
This has possiblv arisen from the upper portion of the main fragment where a local translucency is seen. 
(C) demonstrates wEat is now' a supratrochlear foramen following removal of the large nucleus which was 
unattached. Note the marginal increase in density.This projection was taken in semi-extension to obviate 
Superimposition of the olecranon tip and the septum. A supratrochlear foramen w'as present in the opposite 
side. (Reproduced by permission from the Journal of Bo7ie and Jowt Surgery, January, I 945 > ~ 7 -> 12—24.) 



44 


W. E. Crysler and H. S. Morton 


Juj.y, 1945 



Fig. 4. Case iv. A. S. G., aged nineteen. Pain first occurred in February, 194.7, following a softball game, and 
lasted for a week. There was limitation of movement and treatment was a sling for the elbow. In December, 
I 943 j a sharp recurrence; at this time tenderness was present in the cubital fossa and flexion and ex- 

tension were limited. 

Roentgenographic .examination illustrates a septal perforation with an amorphous and faintly cal- 
cified nucleus centrally: (B) reveals this sequestrum to be situated in the coronoid fossa, (C) and (D) 
demonstrate the elbow* after removal of the ossicle. Note an ossicle now present in the olecranon fossa. 
This is also seen in {A) overlying the capitellum and was erroneously interpreted as a bone island, (//and 
B reproduced by permission from the Jourttal of Bofte and yoint Surgery, January, 1945, 2y, 12—24,) 



Fig. y. Case v, T. K., aged thirty. Four years ago, injury occurred to left elbow with pain lasting one week. 
Two years ago, while throwing a dunnage bag weighing 100 lb., the left elbow locked. 

Roentgenographic investigation discloses evidence of osteochondritis dissecans of both the supratroch- 
lear septum and the capitellum. In {A and (S) the calcified, amorphous, loose bodies are shown both in the 
coronoid fossa and above the head of the radius. Note the irregular contour of the capitellum and the small 
focus of diminished density at its lower condylar surface. (C) and {D) illustrate this elbow following re- 
moval of the ossicles. The septum is of irregular density and is now seen to be composed of multiple per- 
forations and excavations. {A and B reproduced by permission from the Journal oj Bone and Joint Surgery, 
January, 1945,^7, 12-24,) 


4). Still in others, multiple small osteo- 
cartilaginous fragments are sequestrated; 
the supratrochlear septum in such cases 
has an irregular density suggesting multiple 


incomplete defects or excavations (Fig- 5)* 
Osteochondritis dissecans was also pres- 
ent in the capitellum of the same humerus 
in I case (Fig. 5), 
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Generally, the opposite elbow revealed 
either an unusually thin or a perforate 
supratrochlear septum (Fig. iC). 

Clinically, these lesions would appear to 
be dormant for the major period of their 
development. x\fter a seemingly trivial in- 
jury, the patients have presented them- 
selves with the complaint of pain and 
limitation of movement at the elbow. The 
clinical findings, reported in detail else- 
where,^" suggest in certain cases a recent 
shift in the position of the ossicle. In these, 
symptoms slowly subside with conserva- 
tive treatment. If there has been an extru- 
sion of the sequestrum, locking may occur 
and symptoms will persist and may in- 
crease. Removal of the osteochoiidritic os- 
sicle in 5 cases led to complete recovery 
without known recurrence of symptoms. 

Histopathologic examination of the re- 
moved ossicles in 5 cases disclosed the 
presence of marginal fibrous tissue replace- 
ment of bone, which corresponds to the 
bordering zone of translucency seen in the 
roentgenogram. Both normal and dead 
bone is present which accounts for the 
varying roentgenographic density of the 
ossicle. Ill defined, swollen, and also normal 
cartilage is seen. Occasional foreign body 
giant cells are demonstrated, and there is 
evidence of increased vascularity. These 



Fig. 6. Low power photomicrograph of the removed 
ossicle in Case ii. This discloses a fibrous tissue 
border surrounding the ossicle. Sw’ollen and ill 
defined cartilage cells are present at the left with 
normal and dead bone at the right. (Reproduced 
by permission from the Jottmal of Bone and Jowl 
Stirgery, January, 1945, =7, 12-24-) 


findings are illustrated in Figures 6 and 7. 
This distribution and character are similar 
in pattern to that of osteochondritis dis- 
secans found elsewhere." There is no evi- 
dence of an infective etiology. 



Fig. 7. High pow-er photomicrograph of the removed 
nuclei from the supratrochlear septum of Case v. 
This illustrates the presence of a fibrous tissue bed 
at the left which has replaced the adjacent bone. 
Bone marrow' fat cells are present centrally. Osteo- 
clasts are at the periphery of the bony spicules 
showm at the right and here a few' foreign body 
giant cells are present. Note the rather abundant 
arterioles and venules. (Reproduced by permission 
from the Joinnal of Bone and Joint Singery, Jan- 
uary, 1945, 2j, 12-24.) 

SUMMARY 

A localized lesion of the intra-articular 
portion of the supratrochlear septum of the 
humerus, previously confused with sesa- 
mum cubiti, has been shown to be an osteo- 
chondritis dissecans. 

A supratrochlear foramen or thin septum 
in the opposite humerus is common and 
lends credence to the theory of vascular 
abnormality during growth as a predis- 
posing cause. Local impingement of the 
coronoid or olecranon processes may be a 
contributory primary agent. 

Symptoms may not exist or remain sub- 
clinical for a considerable time. The mini- 
mal traumata associated with the onset of 
clinicalh noticeable symptoms cannot be 
considered the major causative agent. 
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Extrusion of the nucleus as a loose body- 
in the joint may occur. 

Surgical removal affords complete relief 
of symptoms. 

The authors wish to express their appreciation to 
Surgeon Commander C. B. Peirce, Consultant Radi- 
ologist, R.C.N., for his advice in the preparation of 
this paper; also to the late Dr, G. A, McCurdy, 
Director, Department of Pathology, Royal Jubilee 
Hospital, Victoria, B, C., and to Dr. C. Yuille, De- 
partment of Pathology, McGill University, Mon- 
treal, Quebec, for their assistance in the preparation 
and interpretation of the histopathologic findings. 
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NEOPLASMS OBSERVED IN AN ARMY GENERAL 

HOSPITAL 

REPORT OF THREE CASES: TWO CYSTS OF THE MEDIASTINUM 
AND A FIBROMA OF THE STOMACH^^ 

By MAJOR ARTHUR J. PRESENT 
Medical Corps, Army oj the United States 


A GENERAL HOSPITAL is established 
by Army Regulations “to study, ob- 
serve and treat the more obscure and more 
complicated cases.” Therefore, in such a 
selected group of cases the number of neo- 
plasms encountered is higher than might 
be anticipated in men of average Army age. 

An analysis of the first 3,045 admissions 
to this hospital reveals that a diagnosis of 
neoplasm was made in 45 instances. Thirty 
of these men were admitted because of a 
tumor, while such a finding was incidental 
in the remaining 15 cases. 

As indicated in the tables, 28 of the 
tumors were benign, while 17 were malig- 
nant. The location and type of tumor and, 
in the case of the malignant neoplasms, the 
age of the patient are shown. 

It is to be noted in Table ii tliat carci- 
noma of the lip and the lower large bowel 
occurred with much greater frequency in 
younger individuals than would normally 
be expected. 

Because of their roentgenologic interest 


3 of the more unusual benign tumors are 
here reported. 

Two are cases of mediastinal tumors — a 
dermoid cyst and a teratoma. Roentgeno- 


Table I 

BENIGN NEOPLASMS 28 


Location 

Type 

No. 

Bone 

Chondroma, enchondroma, etc. 

4 


Bone cyst 

I 


Osteoma 

I 


Giant cell tumor 

I 


Dentigerous cyst — mandible 

I 

Skin 

Lipoma 

7 


Fibroma 

2 


Hemangioma 

I 

Rectum 

Papilloma 

I 

Nose 

Mixed tumor (cartilaginous) 

I 

Eye 

Pigmented nevus 

I 

Thyroid 

Adenoma 

3 

Mediastinum 

Dermoid 

I 


Teratoma 

I 

Stomach 

Fibroma 

I 

Spinal cord 

Xanthoma 

Average age 22 yr. 

I 


Table II 


MALIGNANT NEOPLASMS 1 7 


Location 

Type 

Age 

yr. 

No. 

Bone 

Chondromyxosarcoma (tibia) 

20 

I 

Anaplastic periosteal sarcoma (mandible) 

20 

I 

Skin 

Carcinoma 

23,23 


Lip 

Carcinoma 

23, 25, 28, 29 

4 

Rectum and sigmoid 

Adenocarcinoma 

28, 29,34, 45 

4 

Eve 

Malignant melanoma 

21 

I 

Brain 

Malignant glioma 

29,34 


Pancreas 

Carcinoma 

58 

28 

Average age 29 

I 

Testicle 

Seminoma 

I 


* From the Hoft General Hospital, Santa Barbara, California. 
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1 


Fig. I. Case i. Dermoid of mediastinum. 


graphically, these tumors both present a 
nore or less sharply circumscribed, often 
juperior and predominantly anterior extra 
iensity in the chest (Fig. i, 4 5)- 

According to Hammarskjdld’’ dermoids are 
more sharply outlined than teratomas. The 
mediastinal structures are often displaced 
bv these tumors. Phemister, Steen and 
Voldbrauer® noted that a fluid level may be 
seen at times in dermoid cysts (Fig. i and 
This is attributed to the layering of 
llghtet oils present within the cysts. Roent- 
gcnoscopically, transmitted 
seen. Where the tumor is hrmly lodged be- 
tween the bonv thorax and the heart or 
great vessels, the pulsation may appear to 

be expansile. , 

The most frequent symptoms arc chest 

.win, connl. and dyspnea.’ Hemoptys.s 

son,ctin,c,s'occur,s and tlw 

hair is pathoanomonic of media.stmal der- 
a c ..dinu a i.ro„ch...s ' .Adequate and 
".nplctc .sureical rcnoval 
runrure of the rumor may lead to pneu- 
™inia or cnpycna.-’ Moreover, nwl.anant 
deuenerarion is not uncommon.' 


Case i. Dermoid cyst of mediastinum. J.W.W., 
white, aged twenty, soldier of the Regular 
Army who had had one year and ten months of 
duty. He had been well and had had no chest 
symptoms. Five weeks before admission to this 
hospital he developed a severe earache on the 
right, accompanied by a high fever, headache 
and pain in the left chest. He was hospitalized 
near his station. The left chest was aspirated 
and a relatively large amount of fluid was re- 
moved. The nature of this was not learned. 
At that time numerous roentgenograms of the 
chest were taken and a “cyst-like formation 
was found in the left chest anteriorly. Two at- 
tempts were made to aspirate the cyst. Two 
weeks after the onset of his illness swelling of 
the left leg was noted. 

On admission to this hospital his pulse was 
100 and his temperature was normal. The blood 
pressure in the right arm was 152/9-j 
left 105/90. He appeared rather pale and under- 
weight, and there was slight swelling of the 
left leg. In all other respects his general physical 
examination was essentially negative 
for the chest where, in the second and third 
interspaces on the left, the retromanubria 
dullness was increased. In this area the breath 
sounds were somewhat diminished. The labora- 
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ton' findings, including the blood count, 
urinalysis and serology, were not unusual. 

Roentgenograms of the chest (Fig. i and 2) 
and roentgenoscopic examination revealed a 
sharply outlined, rounded shadow of approxi- 
mately juaximum cardiac density at the level 
of the second and third anterior interspaces to 
the left of the midline and above the left ven- 
tricular outline. It was seen to be anterior and, 
in its apex, there was a visible air or lighter 
fluid shadow (Fig. 2). This latter finding dis- 
appeared and could not be seen on later roent- 
genograms. During the following month the 
cyst did not increase in size. 

His general condition improved and the 
thrombophlebitis of his left leg subsided, al- 
though this leg remained slightly larger than the 
right. One month after admission the tumor 
was removed by Captain Paul C. Samson 
through an anterior incision with removal of a 
segment of the third costal cartilage. Endo- 
tracheal anesthesia was used. The phrenic 
nerve was seen to pass through the wall of the 
tumor and was sacrificed. Postoperatively 
several aspirations were required to remove 
pleural fluid, but the chest rapidly cleared (Fig. 
3). He was returned to duty symptom free. 

Pathological Findings. The cj^st v^as opened 
at surgery and was received in a collapsed state. 
Its contents were seen to be approximately i 
ounce of soft, brownish granular material 
having the consistency of cottage cheese and in 
which a few hairs floated. No structures were 
found which could be said to be teeth. The cyst, 
when reconstructed, measured about 6 cm. in 
diameter, and showed, on its external surface, 
many tags of fibrous tissue which were quite 
vascular. A small, encapsulated nodule measur- 
ing 5 mm. was found attached to the cyst wall 
externally and appeared to be a lymph node. On 
section it contained a necrotic, cheesy material. 
On the internal wall of the cyst there was a 
plaque of firm tissue measuring 3 cm. in 
diameter which grossly suggested cartilage, h. 
white streak was buried in the adjacent cyst 
wall measuring 2. 5 cm. in length and this was 
thought to represent a nerve fiber. Otherwise 
the cyst was uniformly thin, averaging about 
I mm. in thickness. 

Microscopically the cyst wall was seen to be 
made up of fibrous tissue which was more or 
less laminated due to the pressure of the cyst 
contents. Marked pigment deposition was 
noted to suggest old hemorrhage, and scattered 



Fig. 3. Case i. Dermoid of mediastinum at discharge 
from hospital. 


areas of calcification were seen, particularly in 
the plaque described grossly. Cholesterol clefts 
and deposits were apparent. Attached to one 
wall was a considerable portion of lymphoid 
tissue which contained definite Hassall’s cor- 
puscles of thymus gland. No evidence of malig- 
nancy was seen. Diagnosis: Dermoid cyst of the 
mediastinum, benign. 

Case II. Teratoma of mediastwum. F.M., 
white, aged twenty-two, selectee, who had been 
in the Army but four months. He had been en- 
tirely well until one month before entering the 
Service when he first noted a fleeting sharp pain 
in the upper anterior chest when he held his 
left arm in certain positions. This did not con- 
cern him greatly. However, scon the pains be- 
came more frequent and more prolonged, 
gradually changing to a dull, persistent aching 
which was more severe when he was exposed to 
cold or wet weather. Change of position. seemed 
to aggravate his discomfort. One month before 
admission he was seized by a sudden, severe 
chest pain and had considerable difficulty in 
getting his breath. The attack lasted for three 
or four hours and there were no recurrences. 
He was hospitalized at his camp for this, how- 
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Fig. 4. Case n. Teratoma of mediastinum. 


ever, and a gradually increasing cougli pro- 
ductive of .small amounts of yellowish sputum 
appeared which aggravated his pain and caused 
some dyspnea. About two weeks before his 
transfer to this hospital a tonsillectomy was per- 
formed. , 1-4 

At the time of his admission he complained 

of the coutth, chest pain and dy.spnea on exer- 
tion. He had noted no dysphagia, and a general 
review of Ids symptoms revealed no other ab- 
normalities. His temperature was normal and 
his acneral physical examination was cssen- 
riallv neiiative except for the chest where there 
wasVoine increase in the retromanul.na! du !- 
ness in the third and fourth interspaces to the 
left. 'Fhe biotnl pressure m the nghr arm vas 
V,-c and in the left, A .slight Icuko- 

cytods was attributed to his recent mnsil- 
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of the adjacent tissues. It measured approxi- 
mately 10 cm. in each of its greater diameters. 
In the lateral projection it was seen to he 
firmly placed between the anterior che.st wall 
and the heart and great vessels. Expansile type 
pulsation was marked. 

One month after admission the tumor was re- 
moved under endotracheal anesthesia by Cap- 
tain Paul C. Samson, The third and fourth 
cartilages on the left were removed and a 
rounded, semisolid mass was shelled out. The 
phrenic nerve w’as dissected free from the po.s- 
terior wall of the cyst. Postoperativcly, he raj)- 
idly regained his strength, and was up on the 
tenth day, and at the time of return to duly 
(Fie. 6) show'cd only moderate fibrosis at the 
former site of the tumor. 

Pathological Findwgs. ^ rounded cystic mass 
was received ■which measured approximatch 10 
cm. in two directions and 12 cm. in its longest 
diameter. Its external surface w'as smooth 
yellow blending into pink and white. On one 
portion of the surface vascular fibrous tissue 
could be seen. The contour of the wall w.is 
broken by projections or nodulc-s f>r 
number, which varied in siv.c from i to 4 an. 
and had an average elevation of 1.5 cm. Hic 
entire mass was tense and cystic. On its cut 
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surface, when bisected, a large group of fatty 
lobules occupied one area. They were separated 
by septa of dense white tissue which appeared 
fibrous in some areas and cartilaginous in 
others. Other zones contained numerous cystic 
cavities varying in size from i mm. to 1.5 cm., 
some of which contained a clear, thick, mucoid 
material. A few of these suggested ducts and 
several were apparently lined by mucosa. 
Where the cartilage was densest, the cut sur- 
face revealed a dark red central portion sug- 
gesting bone marrow. Other cystic spaces con- 
tained sebaceous material and hair. Gland 
tissue was identified in one portion. In general, 
the tumor was not very vascular. 

Microscopically, the large yellow lobules 
noted grossly were fat tissue, and the dense 
white septa were fibrous tissue with many 
small hemorrhages throughout. One section re- 
vealed thymic tissue represented by Hassall’s 
corpuscles in lymphoid tissue. Other sections 
from the inner portion of the tumor showed the 
cystic and duct-like areas to be lined by various 
types of epithelium or only by a rather dense, 
laminated fibrous tissue. Hyalin cartilage for- 
mation was apparent lying in a lobule of fat 
tissue, and bundles of smooth muscle fibers 
were seen which appeared somewhat interlaced 
as in the myocardium. One cyst was lined by 
a stratified or pseudostratified columnar epi- 
thelium suggesting respiratory tract lining. 
Other areas were seen, lying within the fibrous 
tissue, which were lace-like and composed of 
thin strands of tissue in which there were scat- 
tered and isolated nuclei. These nuclei had 
rather distinct nucleoli but poorly outlined 
cytoplasmic envelopes. This particular tissue 
resembled white matter of the central nervous 
system. iMixed type, mucus secreting glands 
were found, and skin with stratified squamous 
epithelium and sebaceous glands was identified. 
The lining of several spaces was that of small 
intestine, while in others large intestinal mu- 
cosa was described. The structure grossly 
thought to resemble gland tissue proved to be a 
fairly large, lobulated gland in which ducts 
could be seen. It had the appearance of pan- 
creas. Bone was present with trabeculae, 
around and between which connective tissue 
and large blood sinuses were found. There was 
a large cellular collection but no definite evi- 
dence of hematopoiesis. Diagnosis: Mediastinal 
teratoma, benign. 

The third benign tumor was a fibroma 



Fig. 6. Case ii. Teratoma of mediastinum at 
discharge from hospital. 


of tile Stomach. Benign gastric neoplasms 
are rare, representing less than 0.5 per cent 
of all gastric tumors at the Mayo Clinic.^ 
In a series of 931 such tumors collected 
from the literature by Minnes and Ge- 
schickter' there were but 42 fibromas, 
representing about 4.5 per cent. Roentgen- 
ographically, benign tumors of the stomach 
are characterized by absence of infiltration 
of the stomach wall and by the uninter- 
rupted flow of peristalsis over the tumor.- 
In the case here presented the mass w'as so 
large that neither of these phenomena 
could be observed. A smooth outline of the 
tumor is suggestive of benignity. The po- 
tential malignancy of a gastric fibroma is 
unknown, but spindle cell sarcoma, a rare 
entitv indeed, has been reported.^ Mechan- 
ical obstruction as in the following case is 
frequendy the cause of the symptoms. 

C.ASE in. Fibroma of the stomach. A.L., white, 
aged twenty-five, selectee, who had been in the 
A'rmy for five months. He had had no symptoms 
or complaints relative to his stomach until six 
tveeks before admission. At that time there w'as 


52 


Arthur J. Present 


July, 1945 



Fig. 7. Case in. Fibroma of stomach. 


a gradual onset of abdominal pain, mid-di- 
gastric in location and cramping in type. His 
appetite was then go'b|d and he obtained relief 
from his symptoms by' 'vomiting. However, the 
pain gradually increased as did the vomiting 
Ld soon he lost all desire for food. There was 
no hematemesis. No tarry stools were noted but 
the patient was constipated. There was no 

’''o'ii'ad 2 bsio'i'“o the Hoff General Hosihtal 
he was found to be a fairly well nourrshed 
voung man who had obviously lost some 
weight. His general physical examinapon, in- 
cluding pulse, temperature and respirations, 
Is efseLially negative. The only positive 
finding was a palpable mass in the right upper 
ourrant just below the costal_ margin which 

was only to be felt when the pati^t was stand 
ing. There was a leukopenia of 2,500 and a 

'^^The'roLwgen'examination of the stomach 

surprising!) g I barium was 

P"'f“''T'bv a laic "'asa "'hich cKtended 
bcS the 'usual position of the pylorus and 


which obscured the upper portions of the duo- 
denum (Fig. 7). It was roughly egg shaped and 
measured 6 . by 8 cm. It seemed to lie anteriorly 
and barium could be discerned on all of its 
borders, indicating that it was within the 
lumen of the stomach. It could not be moved 
within the stomach. 

A gastroscopy was done but the pylorus could 
not be visualized and therefore some doubt was 
expressed as to how much of the antrum had 
been viewed. The proximal two-thirds of the 
stomach was considered to be essentially 
normal. 

Two weeks after admission the abdomen was 
opened by Major Walter Birnbaum through an 
upper abdominal incision. When the stomach 
was opened the tumor was seen to arise from 
the posterior gastric wall in the immediate re- 
gion of the pylorus. The distal third of the 
stomach was resected and a Billroth gastro- 
duodenostomy was done. The patient was con- 
valescing satisfactorily at the time of this 
report. 

Pathological Fmdwgs. The specimen was the 
distal third of the stomach which had been 
opened along the lesser curvature (Fig. 8). 
Attached to the posterior wall and projecting 
into the lumen was a firm, rubbery and fairly 
smooth tumor mass which measured 9 by 5 by 5 
cm. The area of attachment measured about 5 



Fig. 8. Ca.se m. I-ibroma of .stomach, 
operative specimen. 
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cm. About this pedicle, tumor tissue was pal- 
pated in the stomach wall. It was more nodular 
than the intraluminal portion. The area of 
mural involvement measured 7 by 5.5 by 5 cm. 
and represented slightly less than two-thirds 
of the total mass. The mucosa of the surround- 
ing stomach wall appeared intact, while the 
tumor covering appeared to lack epithelium. 
No tumor was found on the serosal surface and 
a complete capsule was thought to be present. 
There was slight thickening 2, cm. from the 
distal end which was thought to represent the 
pylorus, now totally distorted. 

On section the tumor cut with some re- 
sistance and grating, and the surface thus re- 
vealed appeared not unlike a uterine fibroid. 
There were whorls of white fibrous tisue with 
a central portion of increased translucency 
which exuded a cleaHfluid and suggested de- 
generative change. No cystic changes were 
noted. 

Microscopically, the tumor was separated 
from the serosa by a fairly definite layer of 
stomach wall. The mucosa of the stomach was 
quite normal in appearance but did not extend 
over the intraluminal portion of the tumor 
which was covered by a thin capsule of flat- 
tened fibrous tissue cells. The tumor itself was 
composed of strands of collagenous tissue which 
in some places were in parallel bundles, and in 
others quite irregular in arrangement. It was 
relatively cellular, with fairly uniform nuclei. 
A few blood vessels were seen throughout the 
tumor which were normal in appearance. Van 
Gieson’s stain showed the tissue to be fibrous, 
no muscle being demonstrated except in the 
vessel walls. In the soft central portion myxo- 
matous degeneration was found, with the 
fibroblasts assuming spindle and stellate shapes. 
There were no mitotic figures and no evidence 


was found of extension into the lymphatics or 
vessels. A section of the distal portion of the 
stomach revealed large Brunner’s glands in the 
submucosa, indicating that the excision in- 
cluded the pyloric ring and a small portion of 
the duodenum. 

Diagnosis: Benign fibroma of the stomach 
with myxomatous degeneration in its central 
portion. 

SUMMARY 

Forty-five tumors encountered in 3,045 
admissions to Hoff General Hospital have 
been listed. Three cases of unusual interest 
have been discussed in detail. 
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INTERSTITIAL EMPHYSEMA AND PULMONARY 
COLLAPSE COMPLICATING FRACTURES 

OF THE SKULL 


LIEUTENANT COLONEL PHILIP J. HODES 
MAJOR ROBERT A. GROFF 
Medical Corps, Army oj the United States 


^ I 'HE purpose of the present examination 
•A is to call attention to the fact that 
fractures of the skull may be associated 
with interstitial emphysema and pulmo- 
nary collapse. 

CASE REPORT 

C.K. (No. C-475), a Chinese male, aged 
twenty-five, was admitted to the Neurosurgical 
Section of an overseas general hospital in an 
unconscious state at 0540 hours on May 1, 
1943. The patient had been shot through the 
head about two hours earlier. 

Examination. The patient was a short, well 
developed individual. He was unconscious and 
reacted feebly to painful stimuli. Respirations 
were stertorous, forced, and rapid (40 per 
minute). With each expiration foamy mucus 
was blown out of the mouth. The pulse rate was 
about 180. The head was covered with coagu- 



luG. I. Lateral roentgenogram of the skull reveajing 
the bone defect produced by the bullet. The 
multiple lines of fracture are well visualized. 

iated, dried blood. Palpation of the skull re- 
vealed diffuse subgaleal bleeding. Crepitus 
could be elicited by gentle pressure over the 
left frontal bone. A scalp wound about one-half 
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inch in diameter was easily identified in the 
left parietal region. Examination of the re- 
maining portions of the body revealed no gross 
abnormalities. The patient was in severe shock. 

Neurological examination showed the pupils 
to be equal and of moderate size. They did not 
react to light. The right arm and, to a lesser 
degree, the right leg were spastic. The left arm 
and leg moved slightly when stimulated. No 
reflexes could be elicited. 

The response to treatxnent was unsatisfac- 
tory. The patient remained in shock in spite 
of the intravenous administration of plasma 
and other fluids. Respiration became more 
difficult and forced. All the accessory respira- 
tory muscles seemed to be brought into action 
with each inspiration. The respiratory rate 
gradually increased to 64. The foamy mucus 
blown from the mouth with each expiratory 
effort becaine more abundant and bloody. Fre- 
quent oral aspiration by means of a soft rubber 
catheter failed to control the discharge. 

At 1000 hours, interstitial emphysema of the 
neck and upper chest wall was first noted. An 
adequate physical examination of the lungs 
was impossible because of the noisy respiration. 
The patient died at 1130 hours, five hours after 
admission to the hospital, and seven hours fol- 
lowing his injury. A necropsy could not be ob- 
tained, 

Roentgen Examination (completed within a 
few minutes after death). Head: Numerous 
fracture lines extending throughout the bones 
of the calvaria. The wound of entry is marked 
by a circular bone defect low in the right 
parietal region (Fig. i). From this bullet hole 
at least five fracture lines extend in stellate 
fashion into the parieto-occipital,^ parieto- 
frontal, and parietotemporal regions. The bone 
defect in the wound of exit is much larger and is 
located at a higher level in the right parietal 
region. Fragmentation of bone in this area is 
excessive. 7'he fracture lines are wide and there 
is considerable separation of the fragments. 
Small spicules of bone and bubbles of air are 
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evident within the brain substance. Examina- 
tion of the base of the skull reveals clouding of 
the entire left temporal bone. Fracture lines 
extending through the region of the tip of the 
left petrous pyramid and the clivus are easily 
identified. Neck: The lateral examination of 
the neck reveals interstitial emphysema in- 
volving the soft tissues behind the oro- and 
nasopharynx extending down into the pos- 
terior mediastinum (Fig. 2). Interstitial air is 
also identified in the soft tissues of the neck 
in the anteroposterior projection. Chest: The 
soft tissues of the chest reveal interstitial em- 
physema (Fig. 3). These changes are part of the 
process involving the neck and extend into 
both shoulders and down into the upper portion 
of the chest wall. The bones of the thoracic 
cage are negative. The trachea is in the mid- 
line. The mediastinal structures are outlined 
by interstitial air. The lungs are clear, though 
hypoventilated due to death. There is about 25 
per cent collapse of the left lung. The domes of 
the diaphragm appear normal. 

Direct examination of the nasopharynx by a 
competent observer revealed swelling of the 
mucous membrane, interstitial hemorrhage, 
and blood and mucus in the roof of this cavity. 



Fig. 3. Anteroposterior roentgenogram of the chest 
made immediately after death. The interstitial 
emphysema in the neck and lateral chest wall is 
easily visualized. Note the air surrounding the 
large blood vessels at the base of the heart. The left 
lung is partially collapsed. 



Fig. 2. Lateral roentgenogram of the soft tissues of 
the neck and nasopharynx. The interstitial em- 
physema extending from the region of the cli\ms 
down the neck and into the superior mediastinum 
is clearly demonstrated. 


COMMENT 

Nothing is known concerning the nature 
of this patient’s accident. He was brought 
into the hospital unconscious, failed to 
rally, and died five hours after admission. 
The noteworthy physical findings were the 
cranial injury, profound shock, and rapid 
stertorous breathing. Roentgen examina- 
tion revealed multiple skull fractures which 
were associated with interstitial emphy- 
sema of the neck and chest. 

DISCUSSIOxN 

Unfortunately, it was impossible to ob- 
tain permission for a postmortem examina- 
tion of this patient. This presentation must 
therefore be considered incomplete. Never- 
theless, the presence of interstitial em- 
physema and partial pulmonary collapse as 
complicating factors in a patient with a gun 
shot injury of the head and multiple frac- 
tures of the skull seem worth recording. 
Air within the skull (pneumocephalus) 
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Fig. 4. Anatomic demonstration of the prevertebral 
fascial planes. Note the manner in which these 
fascial planes extend from the nasopharynx down- 
ward into the posterior mediastinum. 

complicating skuJl injuries, has been fre- 
quently described. The presence of ab- 
normal air in the soft tissues of the chest 
as a complication of skull fractures is un- 
usual in our experience. 

In our opinion, the fractures in the base 
of the skull were responsible for the inter- 
stitial emphysema. These fractures, which 
extended through the left petrous pyramid 
and the basilar portion of the occipital 
bone, were easily demonstrated roentgeno- 
graphically. 

In addition, direct examination of the 
nasopharynx by a competent oi>server re- 
vealed marked sirclling of the mucous 
membrane, inrer.stitial hemorrhage, and 
blood and mucus in the roof of this cavity. 


Whereas, a tear in the membrane lining the 
nasopharynx was not actually demon- 
strated, it seemed reasonable to attribute 
the nasoscopic findings to the basilar frac- 
tures which were probably compound. A 
tear in this portion of the nasopharynx 
could open fascial planes along which inter- 
stitial air could travel and enter the 
mediastinum. 

According to Gray, the nasopharynx is 
limited above by the body of the sphenoid 
and basilar part of the occipital bone and 
is connected posteriorly by loose areolar 
tissue with the prevertebral fascia. Tic 
prevertebral fascia, which assists in forming 
tlie sheath of the carotid vessels, gives off 
the buccopharyngeal fascia which helps to 
form the retropharyngeal space. This easily 
distended space is limited above by the base 
of the skull while below it extends behind 
the esophagus into the posterior mediasti- 
nal cavity of the thorax. We believe the 
interstitial air demonstrated in our patient 
traveled along these routes (Fig. 4), 

Clinically, the patient presented marked 
respiratory embarrassment. For at least 
five hours prior to death, his respirations 
were characterized by explosive expiratory 
grunts probably due to the swelling of the 
tissue of the nasopharynx and the oral 
mucus which interfered with breathing. We 
believe that this resistance to the normal 
respiratory cycle forced air into the loose 
areolar tissue surrounding the nasopharynx 
during each expiration. Once initiated, this 
vicious cycle continued until interstitial air 
found its way into the posterior mediasti- 
num. Whether the partial pulmonary col- 
lapse was due to a pleural tear which al- 
lowed the air in the posterior mediastinum 
to enter the pleural cavity or whether the 
air, under pressure, stripped the parietal 
pleura from tlic chest wall (cxtrapiciind 
pneumoU'sis) is a debatable probletn. 1 he 
evidence favors the iarter hypothesis. 
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VISUALIZATION OF THE CORONARY ARTERIES 

IN DOGS* 

By NATHAN GROSSMAN, M.D. 

CHICAGO, ILLINOIS 


TN 1938 Robb and Steinberg introduced 

70 per cent diodrast as a radiopaque 
contrast medium to visualize the chambers 
of the heart and its great vessels. Since 
then, roentgenographic examination of al- 
most all the arteries and veins has become 
a routine matter at many institutions. To 
our knowledge, no method of demonstrat- 
ing the coronary arteries in the living ani- 
mal has been brought forth. In 1942 Bar- 
clay and his co-workers injected thorotrast 
retrogradely through the aorta to demon- 
strate the ductus arteriosus in sheep fe- 
tuses. As an incidental finding they pointed 
out that one of the coronary arteries was 
seen. This observation prompted the pres- 
ent work. We wish to elaborate this point 
to show that it is feasible to instill sub- 
stances directly into the coronary circula- 
tion without opening the thoracic cage. 

METHOD 

Dogs were anesthetized with sodium 
pentobarbital (25 mg. per kilogram body 
weight given intravenously). A small in- 
cision was made in the mid-neck para- 
tracheally on the right. The right common 
carotid artery was exposed and freed. The 
artery was ligated distally and a loose 
ligature was placed proximally. A bulldog 
clamp was fixed at the proximal end of the 
artery after the blood had been milked 
from the arterial segment between the liga- 
ture and the clamp. An incision was made 
in this arterial segment large enough to ad- 
might a No. 10 wax ureteral catheter (the 
tip of which had previously been bent to 
an angle of 35° and to the other end of 
which was affixed a piece of rubber tubing 
wliich was clamped to prevent the flow of 
blood during the insertion). The proximal 


ligature was tied snugly around the cathe- 
ter to prevent leakage of blood around the 
catheter. The proximal clamp was removed 
from the artery and a small amount of 
70 per cent diodrast was injected into the 
catheter to render it radiopaque. Under 
roentgenoscopic guidance, the catheter was 
insinuated until its tip reached the aortic 
arch. The catheter was then rotated on its 
longitudinal axis so that the tip pointed 
ven trail}' and was then inserted so that the 
tip was at the level of the most proximal 
portion of the aorta. This position was 
tested by injecting about 5 cc. of diodrast 
and observing its flow roentgenoscopicall}L 
If the catheter was properl}* in place the 
diodrast momentarily outlined the proxi- 
mal aorta stopping abruptly at the aortic 
valves. If the catheter was not in good 
position the diodrast did not enter the 
intracardiac portion of the aorta and could 
be seen coursing along the transverse and 
descending aorta. In such cases withdrawal 
and manipulation resulted in good place- 
ment. A surve}* roentgenogram of the 
heart was taken in the left lateral recum- 
bent position with the catheter in situ. 
The factors used were: 30 inch tube dis- 
tance; 100 ma.; 80 kv. (peak) and i/io 
second exposure. The tube was centered 
just below the shoulder joint. Another 
roentgenogram was then taken in the same 
position during forceful injection of ap- 
proximately 25 cc. of 70 per cent diodrast. 

RESULTS 

Twelve dogs were used. Of tliese, 7 were 
needed for the preliminar}* studies and the 
remaining 5 to show the consistenc}' of the 
technique. The last five injections demon- 
strated the coronary arteries in each case, 
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Research Foundation. 
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Visualization of the Coronary i^rteries in Dogs 


2. The coronary arteries can be visual- 
ized in the intact living animal by means of 
the instillation of 70 per cent diodrast. 

We are indebted to Winthrop and Co. for supply- 
ing the 70 per cent diodrast. I -wish to acknowledge 
the assistance given by Dr. B. Kondo and Miss L. 
Friedberg, and the guidance of Dr. L. N. Katz. 
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IRRADIATION FAILURES IN EARLY CERVICAL 

CANCER 


IMPROVED IRRADIATION OR RETURN TO SURGERY?* 

By FRANZ BUSCHKE, M.D., and SIMEON T, CANTRIL, M,D. 

From the Tumor Institute oj the Swedish Hospital 

SEATTLE, IVASHIiVGTOX 


TT IS DOW generally accepted that statis- 
tistically the results of adequate radia- 
tion therapy are superior to those of the 
radical Wertheim hysterectomy in the 
treatment of epidermoid carcinoma of the 
cervix in all stages. Before this audience I 
do not have to repeat the statistical evi- 
dence that has led to these conclusions.® 

It is sufficient as a basis for this discus- 
sion to recall Regaud’s classical comparison 

Table I 


COMPARATIVE RESULT.S OF SURGICAL TREATMENT 
(FAURe) and radiation treatment (iNSTITUT DU 
radium) of carcinoma of the cervix uteri 


Five year cures with 
radiation therapy 

(Instkutdu 7""' 

Radium, Paris, 

Regaud) 1922-1926 

Cures 

Cures 

Per 

cent 

Primary 
Mortality 
Per cent 

Total Stage i-iv 

.380 

124 

32 

n 

Stage I 

29 

2.3 

79 


Stage n 

121 

50 

41 


Stage ni 

179 

50 

27 


.Stage jv 

51 

1 

/'I 


I'ivc year cures with 





radic.il operations 





(Hop. Broca t, Paris, 





Faure) 





Total Stage i-ii 

90 

.30 

33 

19 

Stage 1 

54 

22 

40 

7 

Stage U 

.Vj 

8 

22 

36 


between his irradiation results and the sur- 
srical results of Jean Louis Faurc^'’ (Table 1). 
~ The statistical results reported from the 
Icadinc: radiological clinics throughout the 
world are remarkably uniform in spite of 
differences in technique, provided the pro- 


cedure is adequate. Some surgical results 
are better than those represented in this 
table. In optimal cases (probably earlv 
Stage 2) about an 80 per cent five year cure 
rate with 6.5 per cent primary mortality 
was accomplished, while in borderlineoper- 
able cases (probably Stage ii to iii) only 25 
per cent could be salvaged, with a primary 
mortality of 30 per centd Without going 
into further details of this old discussion, I 
only want to point out that adequate radi- 
ation therapy yields at least results equal 
to excellent surgery, if the problem is 
viewed from a statistical point of view. In 
those instances in which surgeons have be- 
come disappointed with irradiation results 
and believe that they show' a statistical 
superiority in their accomplishments oi^er 
those of the radiation therapists, a critical 
analysis (if such is possible from the re- 
ported data) shows that irradiation results 
are not up to par,* this means the cure rates 
are lower than those which have been at- 
tained by the leading radiological institu- 
tions wTich must be considered as the 
standards for comparison. 

It is interesting to note from two studies 
by Lacassagne^’® the importance of ade- 
quacy of treatment as expressed in five year 
cures (I'ablcs ii and ni). 

But even if statistically the superiority 
or at least equality of radiation therapy for 
the operable Stages r and ir — to our knowl- 
edge — so far has not been disproved by any 
critical analysis on record, the fact remains 
that now, as fifteen years ago, 20 per cent 
of .Stage i and at least 30 per cent of Stage 
II cases arc not cured hy even the most com- 
petent and skillful radiation therapists. I he 


* the J'>h! Metrury AP'-crjcjn U/Kntrfn Raj ‘Fri-jcjj- and the Kafifoteira! SpcFrf;.' of No.-tt .Afr.rHfj, 
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question naturally arises whether these 
cases represent types of the disease essen- 
tially not suitable for radiation therapy 
(either because of the biological tj’pe of the 
tumor or because of the anatomical location 
of the spread) and if so, whether possibly 
some of these lesions could be controlled by 
radical hysterectomy proyided they are 
recognized prior to treatment — or wliether 
other reasons for these failures can be 
found which are not eyident in a merely 
statistical eyaluation. Taussisf’s^^ recom- 
mendation of an iliac lympliadenectomy in 
conjunction with irradiation, and Meigs’^*® 
recent resumption of the Wertheim opera- 
tion for selected cases haye again stimu- 
lated interest in this problem. It seems that 
this question cannot be solved by a statis- 
tical analysis only but that a careful analy- 
sis of the individual unsuccessfully treated 
cases must complement the statistical data. 

Table II 

CURE R.ATE IN RELATION TO QUALITY 
OF TREATMENT 

(lacassagne, 1929) 


Stage 

Total 

Num- 

ber 

In- 

correct 

Treat- 

ment 

Number 

„ Cure 

7 '‘'' Rate i„ 

Correctly 
f Treated 

Cases 

1 

10* 

0 

7: 9 = 7 ^% 7: 9=78% 

II 

20 

9 

9:30=45% 8 ;ii= 7 ^% 

III 

50 

17 

25:50 = 50% 20:33=60% 

IV 

15 

14 

1:15=6% 1:2 = 50% 


* I died of intercurrent disease. 


In 1940, for the clarification of our own 
opinion, we, together with John Wirth, 
analyzed the failures in cases treated at the 
Swedish Hospital Tumor Institute between 
^935 and 1938.^'* Prompted by the chal- 
lenge from such an authoritative surgical 
source as Meigs we have again reviewed 
the failures in the operable Stages i and ii 
cases treated between 193S and 1943- 
Nineteen cases out of a total of 79 
tients Stage i or ii are dead at tlie time of 
this report or show active disease. The 
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Table III 


IMPROVEMENT IN CURE RATE WITH 
INCREASING EXPERIENCE 

(lacassagne, 1932) 



Stage I 

Stage II 

Stage III 

1919-1922 

33 % 

26% 

8% 

1923-1926 

86% 

42% 

30% 


reasons for the failure in these instances are 
seen in Table v. 

What can we learn from this analysis 
with regard to the two questions that 
prompted this investigation? 

/. //ow many, if any, of these patients 
could have been saved by more adequate radi- 
ation therapy? 

Three patients with controlled carcinoma 
died of complications secondary to an in- 
testinal irradiation necrosis, one of them 
combined with a necrosis of the bladder. 
Two of these patients of slight build (95 
and 105 pounds in weight) received a depth 
dose through large fields which was suf- 
ficient to cause lethal intestinal damage. 
Furthermore the radon therapy was given 
during the course of roentgen therapy 
which we know aggravates the intestinal 
injury. These patients were treated at a 
time when the dangers of supervoltage 

Table IV 

FAILURES OF RADIATION THERAPY IN OPERABLE 
STAGES I AND II TREATED BETWEEN 
1935 AND 1943 



Stage 

I 

Symp- 

tom 

Free 

Stage 

II 

Symp- 

tom 

Free 

1935 

I 

I 

3 

0 

1936 

I 

0 

0 

2 

1937 

I 

0 

7 

0 

^938 

0 

0 

3 

2 

1939 

4 

3 

2 

0 

1940 

5 

4 

0 

0 

1941 

4 

4 

4 

3 

1942 

0 

0 

15 

10 

1943 

5 

4 

16 

15 

Total 

25 

20 

54 

40 


Failures 5 ^4 
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roentgen therapy were not yet sufficiently 
understood and appreciated. We have since 
then learned to avoid such dangerous reac- 
tions by more individually adjusting the 
held size and dose to the size of the patient, 
by a more adequate timing of the radium 
application in relation to the course of 
roentgen therapy and by using radium ele- 
ment instead of radon, permitting a more 
prolonged treatment with uniform dosage 
rate. As can be seen from Table v no such 


July, 1945 

_ Of the 4 patients with pelvic complica- 
tions (Group 4, Table v) we believe that 
the one who died of a sepsis could possibly 
have been saved by a more judicious con- 
duct of therapy. This was a Stage ji carci- 
noma treated immediately post partum 
with an associated pelvic cellulitis before 
treatment was begun. The infection im- 
proved under external roentgen therapy 
but the intracervical radium therapy was 
given too soon, assuming the infection was 


Tahle V 


ANMI-ySIS OJ‘ KAII-URES 


1935-1938 

1939-J943 

39.35-5943 

I . Treatment incomplete i insanity 

I mental attitude 

2 

2. Distant metastases 1 pulmonary 


I 

3. Extrapelvic complications; pelvic disease i cardiac 
controlled 

I nephritis 

I meningitis p. 
otitis 

3 

4. Pelvic complication i pyometria 

I cancer with post 
partum sepsis 

I pregnancy 

I second pelvic 
care 

4 

5. Death from sequelae of treatment; disease a intestinal ob- 
controlled struction 

I rectal and vagi- 
nal necrosis 


3 

6. Treatment errors, disease uncontrolled 

2 low external dose 

2 

7. Unexplained 1 

3 

4 


injuries have occurred in the second ob- 
servation series since these changes, based 
on the previous experience, have been in- 
troduced. It is obviously this kind of 
avoidable intestinal injury that Meigs ob- 
served in 46 cases which caused his state- 
ment that “there will be less damage to the 
bowel if surgery is undertaken.” It must be 
clearly understood that in later stages oj the 
disease more severe intestinal reactions some- 
times cannot he avoided ij a perynanent ewe 
of the cancer is attempted. But for the early 
stages here under discussion severe intestinal 
reactions must today he considered as due to 
faulty treatment. 


controlled. In spite of all efforts the patient 
died of pelvic peritonitis. 

Whether the patient who developed a 
pyometria following treatment and died of 
a pelvic abscess in spite of repeated drainage 
could be saved today is open to discussion. 

The 2 other patients in this group were 
treated we believe as well as was possible 
and death was probably unavoidable. 

The 2 patients in the sixth group we 
think might possibly have been saved by a 
better distribution of the dose in space. 


Case i. G. O., aged thirty. June, 194^* 
Weight J 34 lb. Anteroposterior pelvic diameter 
circumference 91 cm. intermenstruai 


23 cm., 
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bleeding for three months. Two weeks ago 
severe hemorrhage. Enlarged cervix with tumor 
breaking through anterior lip. Endocervical 
carcinoma. Stage ii. Considerable infection. 
Microscopic examination showed a very ana- 
plastic squamous carcinoma. 

External roentgen irradiation, 9,700 r in 
thirty-three treatment days, 800 kv.; vaginal 
roentgen irradiation (after initial external 
roentgen irradiation of 2,600 r for infection), 
7,465 r in twelve days. Radium treatment, 
4,040 mg-hr. (2,020 mg-hr. cervical tandem, 
2,020 mg-hr. vaginal ovoids). External roent- 
gen treatment given through one anterior me- 
dial 10 by 14 cm. field (3,350 r), one sacral 
medial field (1,200 r) and one right and left 
sacroiliac field. No anterolateral suprapubic 
fields were used and therefore the parametrial 
dose was insufficient while the central dose was 
too high, considering the intravaginal applica- 
tion. Repeated loose bowel movements through- 
out treatment, probably due to the initial 
central dose of 2,600 r in eight days, given be- 
cause of the infection. On account of this irrita- 
tion, the total external roentgen dose was too 
low. 

September, 1942, two normal bowel move- 
ments daily. Cervix normal on palpation, in- 
jected; rectovaginal septum soft. October, 1942, 
and January, 1943, findings unchanged. Pelvis 
soft; no necrosis. March, 1943, pain in lett leg. 
Small hard induration in left parametrium, in- 
terpreted as fibrosis because of high central 
dose. May, 1943, edema left leg. Tender mass 
felt with difficulty high up in left parametrium 
by rectal examination. September, 1943, ure- 
mia. October, 1943, patient died. 

Autopsy showed a large mass in the left 
parametrium with complete ureteral obstruc- 
tion; smaller mass in right parametrium with 
ureteral obstruction and dilatation. Micro- 
scopic examination showed carcinoma in both 
parametria. 

As can be seen, the lateral portions of the 
parametria received an insufficient dose 
because the treatment was concentrated to 
the center in view of the endocervdcal t}q3e 
of the disease. Considering the anaplastic 
type of the tumor a more complete coverage 
of the parametria would have been indi- 
cated. 

Case 11. A. NT., aged thirty-one. May, 1943- 
Weight 140 lb. Anteroposterior pelvic diameter 


63 

22 cm. Circumference 88 cm. For six weeks 
vaginal discharge with pain in right lower 
quadrant. No intermenstrual bleeding. She 
consulted her physician on account of the 
vaginal discharge. Biopsy showed an epider- 
moid carcinoma with only slight degree of dif- 
ferentiation. Profuse vaginal discharge. Cervix 
showed a scar extending from external os on 
right toward the right vaginal wall. Tender- 
ness on palpation of parametria, particularly 
on the right. Carcinoma of cervix, presumably 
Stage I, with parametritis. Treatment started 
with roentgen radiation. Total dose 8,950 r in 
thirty days, using 400 kv. Treatment was then 
discontinued in order to permit higher radium 
dose. Cervical tandem 3,960 mg-hr., vaginal 
ovoids 4,650 mg-hr. In September and Novem- 
ber, 1943, cervix of normal size. Pelvis soft on 
rectal examination. In December, 1943, pain in 
anterior circumference of right thigh. Pelvis 
soft. February, 1944, progressing pain and 
edema of right leg. Mass palpable in right para- 
metrium. Because of previous pelvic infection 
there was a question of pelvic abscess or recur- 
rent disease. Intravenous urograms showed 
poor function of right kidney with marked 
caliectasis. Under observation no marked 
change in local findings but progression of pain. 
Since abscess could not be excluded with cer- 
tainty and aspiration through the vagina was 
negative, exploration was done which showed 
a hard carcinomatous mass in the right pelvis. 
Patient died in June, 1944. 

In this case again the parametrial dose 
was undoubtedly too low because this was 
considered as a Stage i carcinoma. This 
was certainly poor judgment. Either roent- 
gen therapy should have been given only 
in an amount to combat the infection or it 
should have been carried to a presumably 
adequate dose, in this case at least 12,000 r. 

There remain 4 patients listed as unex- 
plained failures. They all died of para- 
metrial recurrence. 

Case in. H. S., aged fifty-three. November, 
1935. History of six months’ .spotting. Stage ii. 
Extension into vaults of the vagina. No para- 
metrial induration. Epidermoid carcinoma, 
Grade 3. Radium treatment was given consist- 
ing of 3,500 me. (2,500 me. intrauterine, 1,000 
me. vaginal). Roentgen treatment was given 
with 800 kv., total dosage of 13,500 r. In Sep- 
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July, J545 


tember, 1936, the cervix was entirely healed; 
there were pain and edema of the left leg; 
parametria! thickening. The patient died in 
December, 1937. 

Case iv. V. B,, aged forty. November, 1942. 
Weight 157 lb. Regular periods until two 
months ago; since then intermittent flow. 
Posterior lip replaced by large hard ulceration. 
Vaults, fornices, parametria soft. Stage n. 
Microscopic examination showed squamous, 
carcinoma, Grade 3. Radium treatment con- 
sisted of mg-hr. 13,900 mg-hr. vaginal 

ovoids; 4,040 mg-hr. cervical tandem); roent- 
gen treatment 11,100 r in fifty-nine days using 
800 kv. Cervical radium after initial 3,800 r 
because canal could not be entered at first. 
April, 1943, cervix small, smooth, soft, pelvis 
soft. September, 1943, pain in right leg. Hard 
induration in right paravaginal and paranietrial 
area, extending to pelvic brim. Non-functioning 
right kidney. October, 1943, intolerable urinary 
frequency, urinary hemorrhage. Cystoscopi- 
cally large ulcerated tumefaction on right tri- 
gonal area, covering right ureteral orifice. This 
tumefaction, on palpation, was in direct con- 
nection with palpable parametrial mass. The 
patient died. 


Case v. A.C., aged thirty-six. June, 1942. 
Weight 192 lb. Anteroposterior pelvic diameter 
24 cm.; circumference 112 cm. Two years ago 
occasional spotting after intercourse; last two 
months more marked bleeding. Large ulceration 
of posterior lip, granular induration of anterior 
lip. Cervix movable. No infiltration in fornices, 
vaults or parametria. Stage li. Microscopic 
examination showed squamous carcinoma. 
Grade 3. Radium treatment, 11,610 mg-hr. in 
twenty-seven days (4,040 mg-hr. vaginal col- 
postat, 4,490 mg-hr. uterine tandem, 3,080 
vaginal ovoids), Roentgen treatment, 13,400 r 
in forty-four days using 800 kv. October, 7942, 
cervix soft and smooth. Pelvis soft. February, 
1943, pain in left leg. Edema of left leg. Cervix 
small and smooth; apparently cervical lesion 
controlled. Parametria on palpation soft. July, 
1943, frozen pelvis, block of left ureter. Patient 

died of uremia. 


Case vi F.D., aeed thirty-two. September, 
1042. Weight 124 “'lb. Anterofwsfcior pelvic 
diameter 18 cm., circumference 92 cm. Regular 
period-^. For one week continuous wtermen- 
ftrual blceding. Had never had intermenrtrual 


bleeding or spotting. Large hard cervix. Slight 
invasion of left fornix. Parametria soft. Stage 11 
(ii-iii?). Microscopic examination shelved ana- 
plastic squamous carcinoma with infection. 
Radium treatment, 9,000 mg-hr. (4,000 mg- 
hr. intrauterine, 5,000 mg-hr. ’ vaginal), 
Roentgen treatment, J 1,650 r in forty-three 
days, using 800 kv. March, 1943, cervix healed. 
May, 1943, rectal urgency, thickening of recto- 
vaginal septum, induration with central ulcer in 
anterior rectal wall, 2 cm. necrosis in left vag- 
inal fornix. September, 1943, pain in left leg. 
Vaginal necrosis healed, induration of recto- 
vaginal septum disappeared, moderate thicken- 
ing of both parametria. October, 1943, cervix 
completely effaced, stenosis of upper vaginal 
dome, induration in left parametrium to pelvic 
brim. Left ureteral obstruction. February, 1944, 
induration of both parametria, beginning ure- 
mia. Patient died in March, 1944, of uremia. 
On autopsy large pelvic mass, frozen pelvi.s, 
both ureters dilated to thickness of a thumb. 

It seems to us that in these 4 cases the 
treatment received must be considered ade- 
quate according to today’s standards. They 
therefore seem to represent unavoidable ir- 
radiation failures. 

2. The second question then arises: 
Could a7iy of these palieiits have been saved if 
they had been treated by radical hysterectojny 
instead of irradiation? 

Meigs” lists the following 5 main reasons 
w'hich have led him to the "introduction 
of an old and formidable operation into the 
treatment of cervical cancer” in his clinic, 

1. If the cervix has been removed there is no 
chance for a recurrence in it. 

2. If the cervix has been removed no cervical 
cancer can regrow in it as a re-occurrence. 

3. Certain cancers of the cervix are radio- 
resistant — (a fact proved at the Pondvilic 
Hospital where multiple biopsies are per- 
formed at the time the X-ray and radium 
treatment are being carried our). 

4. There will be less damage to the bowel if 
surgery is undertaken. Lately 46 casc.s of 
serious bowel injury have been found in our 
clinics. 

5. From the work of both Bonney and 
Taussie it is obvious that patients vith 
iympirnodc metastascs can be curctl h?^' 
surccry in some instances and the aut lo, 
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believes that it is not possible to cure with 
radiation cancer in lymph nodes deep in the 
pelvis. 

It does not seem that the reasons listed 
under i, 2 , and 4 are valid. 

That severe bowel reactions for the 
stages here under discussion can be avoided 
has already been discussed. A recurrence 
of an uncontrolled epidermoid cancer or a 
regrowth of a new cancer in the cervix itself 
after adequate irradiation is extremely rare. 
In patients with Stage i and ii cancer who 
died of uncontrolled disease, the cervical 
lesion itself is almost always controlled. 
jYoj/e of the failures in this series was due to 
uncontrolled or reciaring cancer in the cervix 
itself. In our total series of 1 53 cases of all 
stages treated since 1935 we have observed 
one regrowth in the cervix itself after four 
years’ freedom from demonstrable disease 
in a Stage ill carcinoma in a patient seventy 
years of age. 

Nevertheless it does occur and in cases 
of uncontrolled disease in the cervix itself 
in spite of adequate therapy this failure 
must probably be explained by an unusual 
radioresistance of the tumor as mentioned 
by Meigs as his third reason in favor of 
surgery. To quote Lacassagne: “For a cer- 
tain kind of cell no lethal dose exists; . . . 
lesions in similar tissues, exposed to the 
same conditions of homogeneous irradiation 
do not always show similar results. Only 
this is definite that there exists no certainty 
either as to the probability of survival of 
tissues or a certitude of their destruction by 
any determined irradiation.” 

The observ'^ation of the cervix itself as 
the source of failure in adequately treated 
cases of true epidermoid carcinoma is, how- 
ever, so rare tliat it should not enter into 
an appraisal of clinical probabilities decid- 
ing between surgery and radiation therapy. 
Active disease in the cervix itself as a cause 
of failure due to the radioresistance of the 
tumor should he accepted only after careful 
analysis of the histopathological findings ^ and 
of the i)Tadiatio77 record of the individual 
case. Witli the migration to the West 
Coast, we have seen during the last two 
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years a number of patients treated in dif- 
ferent parts of the country, and we have 
sometimes been impressed by die inade- 
quacy of the treatment they have received. 
We do not think that a radium dose below 
about 8,000 mg-hr. (with adequate dis- 
tribution in space and time) can be con- 
sidered adequate even if one occasionally 
seems to obtain results with less. We have 
also at times seen that interstitial irradia- 
tion is still used. With this technique nat- 
urally a homogeneous irradiation with a 
lethal dose throughout the lesion is very 
difficult to accomplish and problematic and 
the finding of viable cancer cells in some 
areas of the cervix, or a regrowth, is not 
surprising. But this cannot be explained by 
an unusual radioresistance of the particular 
tumor. In such cases an improvement of 
the irradiation technique is preferable to 
return to radical surgery. 

Meigs’, as well as Taussig’s valid argu- 
ment for surgery, we find in Meigs’ last 
reason “that it is not possible to cure with 
radiation cancer in lymph nodes deep in 
the pelvis.” Lymph node metastases from 
epidermoid carcinoma anywhere are almost 
never controlled by external irradiation, 
even in much more accessible areas such 
as the oral cavity. For this reason surgical 
dissection has unquestionable preference in 
the management of the lymphatic area in 
this type of carcinoma. For the pelvic nodes 
the situation is even less favorable. In a 
previous report of the authors with Parker 
before the Radiological Society in 1940,- it 
was shown that, according to Parker’s care- 
ful measurements, the dose delivered with 
800 kv. roentgen rays using 3,500 r (meas- 
ured on the skin) through each of two an- 
terior and two posterior 10 by 14 cm. fields 
to a point of the soft tissue inner pelvic 
wall at about the mid-attachment of the 
broad ligaments reaches approximately 
only 2,600 r in a large pelvis (26 cm. diame- 
ter), 3,000 r in a medium pelvis (22-24 cm.) 
and 3,500 r in a small pelvis (20 cm.). The 
isodose curve computed for the combined 
contribution of 8,000 mg-hr. radium with 
roentgen rays as described showed that at 
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this same point in small pelves only a total 
dose of 4,500 r is reached. This dose seems 
too small and from our experience with 
other epidermoid lymph node metastases 
we can hardly expect a sterilization of the 
peripheral pelvic nodes. A further increase 
of this dose in an amount necessary to ex- 
pect even a marked fibrosis of those nodes 
with prolonged retardation of their growth 
is, as experience has shown, not possible 
without intolerable damage to the pelvic 
vascular connective tissues and severe in- 
testinal reactions. 

It seems from clinical observation and 
from analogies that radiation therapy can 
control pelvic disease be3^ond the cervix if 
it represents a diffuse direct invasion 
through the lymphatics of the broad liga- 
ment but not disease in the lymph nodes. 
(We are of course never certain how much 
of a palpable pelvic infiltration is due to 
true cancerous invasion, how much to in- 
fection, and how much to fibroblastic re- 
sponse of the tissue to progressing cancer.) 
Therefore, apparently extensive disease of 
Stage III can be controlled in a certain per- 
centage of cases while apparently less ad- 
vanced stages in which the involvement of 
peripheral pelvic nodes cannot be demon- 
strated by palpation develop parametrial 
disease from these uncontrolled lymph 
nodes. At least 2 of our 4 cases listed as un- 
explained failures probably fall in this 
group (Cases iv and v). This is suggested 
by the fact that pain and edema of the leg 
preceded the demonstrable pelvic indura- 
tion by many weeks, probably indicating 
that the recurrence started from a higher 
node and became palpable only after the 
induration was in reach of the examining 
finger. The other cases probably belong in 
the same group but the appearance of 
demonstrable induration coincided with the 
appearance of pain. 

Admitting, then, that there is a small 
group of cases for wiiich a permanent cure 
with our present methods of radiation ther- 
apy is unlikely but for which, a priori, a 
better surgical cliance could be expected. 


July, 1945 

l/ie question arises as to their actual chances 
if surgery is used. 

Two procedures are available. Taussig 
recommends for Stage ii cases a combina- 
tion of radiation therapy to the cervix and 
its immediate neighborhood in conjunction 
with iliac lymph adenectemy. There are two 
objections to this type of therapy. One is 
the fact that no attempt is made to remove 
the lymph nodes around the lower portion 
of the ureters because this would make the 
operation considerably more complicated 
and risky, and because it is assumed that 
the irradiation should take care of the 
lymphatics in this area. While it is true 
that the dose in this area is considerably 
higher than the one in the peripheral por- 
tions of the pelvis, mainly because of the 
addition of the radium dose, it still remains 
questionable whether a complete steriliza- 
tion is likely. This might be possible for 
some lymph nodes in cases of less differen- 
tiated carcinomas. But in these less dif- 
ferentiated carcinomas, we have to expect 
a more generalized spread through the 
lymphatics and surgery would not take care 
of this. On the other hand, and this is the 
second objection, every procedure where 
radiation therapy and surgery are applied 
to the same field is bound to affect either 
procedure to a certain degree. We believe 
that after intensive radiation therapy by a 
combination of a maximal radium and a 
maximal roentgen-ray dose, a procedure 
such as iliac lymph adenectomy carries con- 
siderable risk. This method w'as patterned 
after the combined treatment, for instance, 
of oral carcinomas, where radiation therapy 
to the primary lesion together with a block 
dissection of the lymphatics is unquestion- 
ably the procedure of choice. But surgery 
here is applied to an area which has not re- 
ceived any irradiation, and furthermore a 
complete block removal is done, while such 
is not die case in the type of operation rec- 
ommended by J aitssig. 

For these two reasons, it seems question- 
able whether viewed statistically the pro- 
cedure will accomplish as much as eincr 
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radical hysterectomy or intensive radiation 
therapy alone, although it is admitted that 
occasional cases in which only the more 
peripheral pelvic nodes are involved may be 
saved, while they would not be controlled 
by irradiation. The statistical evaluation 
of Taussig’s results in which he computes a 
68 percent greater salvage than by irradia- 
tion alone seems erroneous. His five year 
survival rate with the combined procedure 
is 38.6 per cent against aa.g per cent in 
Stage II cases treated by irradiation alone. 
By analyzing the irradiation procedure 
used for comparison with his, we find that 
the irradiation applied in this series has 
been greatly improved throughout the 
years, implicitly admitting the inadequacy 
of radiation therapy in former years. Yet 
these earlier cases are apparently included 
in the material for comparison. This prob- 
ably explains the low survival rate of 21.9 
per cent of the cases treated by irradiation 
alone as compared with the possible sur- 
vival rate of 40 to 60 per cent for Stage ii 
accomplished elsewhere. As has been seen, 
a survival rate of 70 per cent can be at- 
tained in correctly irradiated cases of 
Stage II (Table ii). 

Taussig found cancerous involvement of 
the removed glands in 26.8 per cent of 175 
Stage II cases operated upon. Twenty-one 
per cent of those with demonstrated me- 
tastases showed a five year cure rate. In 
other words, the operation was found to be 
necessary in i out of 4 in whom it was per- 
formed, and I out of 5 of those in whom it 
was necessary was cured. This means i out 
of 20 patients in whom the operation was 
done was saved by the procedure. Nineteen 
out of 20 patients were not benefited by 
the procedure and in all likelihood some of 
these could have been salvaged by a more 
radical radiation therapy applied without 
the allowance for the anticipated later sur- 
gery. The situation, of course, would be 
different if it were possible to recognize 
these cases before any treatment is insti- 
tuted. As far as our 4 patients under dis- 
cussion are concerned, each one would have 


had a chance of i to 5 to be salvaged, but I 
doubt that after the intensive irradiation 
they received the procedure would have 
been feasible without grave complications. 

It seems quite logical that if surgery is 
done it should be in the form of the radical 
Wertheim operation without considering 
radiation therapy. Meigs, prompted by his 
disappointment in radiation therapy, has 
recently revived this classical procedure. 
He has operated upon 65 cases without a 
single death. The improvement of modern 
surgery during the last decade, particularly 
in combating shock and infection, will cer- 
tainly contribute to the reduction of the 
primary mortality. Bonney,^ probably one 
of .the best gynecological surgeons who has 
done this operation on a large scale, has an 
average primary mortality of 10 per cent, 
but it seems that he accepts for the opera- 
tion cases more advanced than those se- 
lected by Meigs, as indicated by the find- 
ings of actual cancerous node involvement 
in 17 per cent in Meigs’ group as against 
40 per cent in Bonney’s group. 

Of the 65 patients operated upon by 
Meigs® 53 had no cancerous lymph node 
involvement. Two of these are dead. In 12 
cases positive lymph nodes were found. 
Three of these are dead. Interpreting these 
results, we can say that so far (provided 
that the still living patients will remain 
alive) out of a group of 65 patients, 9 were 
saved who would not have been saved by 
irradiation, granting that radiation therapy 
cannot sterilize lymph node metastases. 
This 7 neans 20 patients have to be subjected 
to this radical operation in order to save y 
that could not have been saved othe^'wise. 

Meigs’ requirements are very strict. 
Ideally, the patient should be thin, young, 
in good health, and have an early cancer. 
Under these requirements, it seems that out 
of the 4 cases in our group which were not 
saved by radiation therapy only i (Case 
iv) would have been acceptable. Case v, 
a patient weighing 192 pounds and with a 
pelvic diameter of 24 cm., would have been 
refused on account of adiposity. Case ii 
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had an accompanying paramecrial infection 
prior to treatment. Case iii had a duration 
of symptoms of six months with a beginning 
extension into the vaults and the case prob- 
ably would not have been considered by 
him as early carcinoma. But it is just for 
the cases in the more advanced Stage ii in 
which increased size of the disease and in- 
creased duration, the likelihood of periph- 
eral lymph node involvement is higher 
and therefore the chances of irradiation 
cure lower, where surgical help may be con- 
sidered, and in this group we know from ex- 
tensive studies that the primary operative 
risk rises and the cure rate decreases. The 
4 cases in our series for which in retrospect 
we might have considered surgery were well 
developed Stage ii. No Stage i was found in 
this group. 

“Very early carcinomas” (early Stage i) 
have an excellent chance of permanent cure 
by radium only with one week hospitaliza- 
tion and no subsequent morbidity due to 
the treatment itself. For this type of case 
a procedure of the magnitude of the Wer- 
theim operation seems not to be necessary. 
In recognition of this fact, Taussig has not 
suggested his combined procedure for these 
cases but only for Stage ii cases. 

Concluding, we must admit that there is 
a group of cases of epidermoid carcinoma of 
the cervix with peripheral lymph node in- 
volvement in the pelvis in which, on the 
basis of clinical experience and conclusions 
from analogies, radiation therapy appar- 
ently will not accomplish a cure and in 
which theoretically surgery would be more 
promising. In our own series 4 cases out of 
79 belong in this group. Three of these cases 
would not have been accepted for surgery 
according to Meigs’ rigid standards. In 
Meigs’ own series 9 patients belong in this 
group out of 65 on whom he operated. This 
means 3 out of 20 would be saved while 1 7 
would be subjected to unnecessary surgery. 

Whether under these circumstances the 
indication for the Wertheim operation is 
considered acceptable is of course a matter 
of personal opinion. _ 

Since it is impossible to recognize tliese 


cases prior to treatment, it is most likely 
that from a statistical point of view the 
actual survival rate by surgery would be 
smaller than if radical radiation therapy 
were instituted. The survey of our own 
material has shown that more cases were 
not controlled by irradiation because of 
some avoidable inadequacies of treatment 
than would have been saved by surgery 
of cases essentially unsuitable for irradia- 
tion. The analysis of Lacassagne’s failures 
suggests the same conclusion. '^Ye are forced 
to admit that improvement of radiation 
therapy by more careful attention to de- 
tails of technique, by the elimination of in- 
adequate procedures of the past and by the 
careful adaptation of the procedure to the 
individual requirements will probably save 
more patients than a return to surgery. But 
we should be grateful to the surgeons for 
awakening us from our satisfaction with 
past accomplishments and for stimulating 
our desire for improvement. 
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DISCUSSION 

Dr. Charles L. Martin, Dallas, Texas. 
Drs. Bu.schke and Cantvil have raised a ques- 
tion in which gynecoiogi.st.s are much interested 
at the pre.sent time. Should favorable Stage 11 
cases of cancer of the cervix be subjected to 
radical surgery? Meigs, of Boston, has revived 
the interest of surgeons in this problem by per- 
forming the Wertheim operation on a series of 
65vsuch patients, with no immediate mortality, 
whereas, in bygone days the surgical mortality 
in various clinics varied from 15 to 30 per cent. 
He does the operation in an effort to remove 
pelvic nodes which may contain metastases. 

Our experience with neck dissections has 
taught us that success depends on the block re- 
moval of all the lymphatics and nodes in a 
given area. The block removal of the lymphatics 
on either side of the uterus traversed by the 
delicate ureters is a very difficult procedure, 
and even though Meigs’ patients survived the 
severe shock of the operation, many of them 
had serious postoperative complications, prin- 
cipally ureteral damage. Such sequelae may be 
justified if five year statistics prove that the 
salvage is markedly improved by such a radical 
procedure, but I feel that we should not swing 
back to radical surgery until convincing sta- 
tistics are available. It seems unfortunate that 
the publicity given Meigs’ work has induced 
many surgeons, who do not possess his skill, 
to resume the surgical care of all patients with 
cancer of the cervix. 

One of his reasons for using the operative 
procedure was his observation that many of his 
own cases, receiving radiation therapy, de- 
veloped serious intestinal damage. Results pub- 
lished by our own clinic, as well as those of 
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Lenz, and others, indicate that good results can 
be obtained without such sequelae. 

Dr. Juan A. del Regato, Columbia, Mis- 
souri. Drs. Buschke and Cantril must be con- 
gratulated for their very careful analysis and 
for their timely warning. 

Ten years ago I participated in what we 
thought was the closing chapter of this contro- 
versy of surgery versus radiotherapy in early 
carcinoma of the cervix. I refer to the memor- 
able session of the French Academy of Medi- 
cine and the argument between Regaud and 
J. L. Faure. It appeared then obvious that 
radiotherapy, properly done, was superior to 
the Wertheim operation in the treatment of 
early carcinomas of the cervix. 

This centreversy has been recently revived in 
this country by the surgeons as well as by the 
radiotherapists who were not satisfied with their 
own results. Worthy of comment is the report 
by Dr. Jones of the Kelly Clinic in Baltimore 
who reported a very interesting experiment. In 
his clinic the very early carcinomas of the 
cervix, Stage i, were operated upon and the 
more advanced Stage i cases were treated with 
radiotherapy. After a number of years the per- 
centage of results for those treated with radio- 
therapy was superior to that obtained with 
surgery although the choice of cases was favor- 
able to surgery. 

We must not lose our sense of proportion in 
this controversy. The number of cases to which 
this is limited is very small. Healy reported in 
the late 1920’s a classification of 1,500 cases of 
carcinoma of the cervix, only 12.5 per cent of 
which were operable. We have now a classifica- 
tion of carcinomas in four stages which cor- 
responds better to the prognosis of the different 
cases. This classification gives an average of 10 
to 12 per cent of the Stage 1 cases. 

It remains that at best only 80 per cent of the 
carcinomas of the cervix. Stage i, are cured by 
irradiation and it is interesting to analyze 
whether the 20 per cent of failures could be re- 
duced. 

Local recurrences of carcinomas of the cervix 
are the exception. Few carcinomas of the cervix 
are actually resistant to proper treatment. Most 
post-irradiation recurrences occur in the para- 
metrium. I agree with Drs. Buseke and Cantril 
that the technique of treatment chosen is most 
important and insufficient doses will of course 
give local recurrences. Interstitial irradiation 
will be the cause of radionecrotic damage to the 
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bowel and other structures which may account 
for the loss of the patient. 

As far as the proportion of lymph node in- 
volvement in early carcinoma of the cervix is 
concerned, it must be stated that many authors 
have reported as metastatic implants the pres- 
ence of adenoid epithelial structures in the iliac 
nodes. I his is obvious!)' an error, d’hose epi- 
thelial structures arc only important if they 
present an epidermoid differentiation, or defi- 
nite evidence of malignancy. 

When a carcinoma of the cervix is irradiated 
and a surgical excision follows immediately, 
the presence of carcinoma in the removed 
specimen is no proof of radiotherapeutic failure, 
'rhis will also be the case in a basal cell carci- 
noma of the skin which would be excised shortly 
after radiotherapy. The latent period between 
the administration of radiation treatment and 
the complete disappearance of the tumor in- 
creases with the differentiation of the tumor. 

The argument of late recurrences in car- 
cinoma of the cervix is not strong. Regaud 
analyzed a series of 500 cases which had re- 
curred after irradiation and only 1.5 per cent of 
them had recurred after five years. 

The main argument remains that of losing 
the patient through radionecrotic effects on the 
bowel and other normal structures. One cannot 
consider the percentage of .such accidents on 
an over-all group to be of significance in the 
restricted group of early carcinomas of the 
cervix. 

In closing, I believe that if a comparison of 
surgical and radiotherapeutic results is to be 
done again, the good surgical results should be 
compared with the good radiotherapeutic re- 
sults. 

Dr. Buschke (closing). The question of dos- 
age is of course always unsatisfactory in a 
discussion unless one can qualify the details 
of the technique used. With regard to a ques- 
tion as to our roentgen-ray doses, I would like 
to integrate the consideration of roentgen-ray 
doses in the entire treatment schedule and 
therefore discuss it together with the details of 

our radium technique. 

The doses mentioned are planned on the 
basis of what is now more generally known as 
the French technique. This means the radium 
is ffiven for a period of approximately ten dap 
with the dose divided; 4,o<^ mg-hr. m the 
cervical canal and 4,0^° ^S-hr. m the vagmal 
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vault. The roentgen trea(mcnt is given through 
two stra/ght anteroposterior and two straight 
postcroantcrior fields. 'J'his means the beam is 
not converging toward the cervix because we 
feci that the adequate radium do.se has taken 
carc of the primary lesion. I think that this 
application of straight fields with the protection 
of a small central area is one of the reasons why 
our intestinal reactions are not as marked as 
they apparently .sometimes are observed by 
others. The dose given to each of these four 
fields is approximately 3,000 to 3,500 r, meas- 
ured on the skin, giving a total dose of ia,ooo 
to 14,000 r, depending on the patient, delivered 
in approximately .six weeks. 

Now, if J say thi.s is a standard technique, 
this should not be misinterpreted because this 
basic procedure is subject to considerable varia- 
tion depending on the individual case, and I do 
not tliink that we treat more than 2 out of 10 
patients with this actual standard procedure. 

The individualization applies to roentgen as 
well as to the radium therapy and to their time 
relationship. We believe that the attention to 
minute details and careful adaptation of the 
technique to the individual requirements are 
necessary to avoid dangerous reactions and* yet 
to push the dose to the limit of tissue tolerance. 
The radium containers are inserted under 
anesthesia if the patient is apprehensive or if a 
better relaxation of the vagina under anesthesia 
is anticipated. With less apprehensive patients 
and a larger vagina, sometimes the application 
of vagina} applicators in knee chest position is 
preferable because in this way the distance be- 
tween the radium carrier and the rectal mucosa 
can be increased. 

With such attention to details, we have 
given doses up to 12,000 mg-br., but I cer- 
tainly would not recommend this as a standard 
procedure. However, I believe there is no 
standard procedure. Certainly a dose of 8,000 
mg-hr. would be too high if, for instance, the 
entire treatment were given in three days. B'e 
purposely use applicators with a low' radium 
content. We do not have more than 40 mg. or at 
the very most 50 mg. in the tandem, and 20 or 
25 mg. at the most in each of the vaginal appli- 
cators. This content depends also partly on the 
size of applicators that can be introduced. In 
this w'ay w'e deliver the required dose in ap- 
proximately too hours, distributing the 
treatment with radium over about ten da>s. 
More frequently, we permit an interva o 
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about eight to ten days between the vaginal 
and cervical applications. Again depending on 
the anatomical findings, we might increase the 
vaginal dose and correspondingly decrease the 
cervical dose, or vice versa. Likewise the roent- 
gen procedure is adapted to the individual re- 
quirements as indicated by the clinical findings. 
The dose over one parametrium may be in- 
creased with a corresponding adjustment of the 
total dose. In other cases again, particularly 
those with vaginal extension, the beam might 
be convergent toward the wigina with corre- 
sponding adjustment ot the radium dose to 
allow for the increased rectal reaction. 


In short, we attempt to adjust the technique 
as carefully as possible to the individual re- 
quirements. It goes without saying that no de- 
tail of this procedure (including the daily plac- 
ing of the patient for roentgen therapy) is 
executed by anyone but the radiotherapist who 
has the patient under his permanent care. No 
division of efforts is permitted. 

With regard to the question of whether the 
I'aussig lymphadenectomy gives any additional 
advantage, I refer to the discussion in the 
printed paper as submitted for publication, 
d’ime does not permit me to go into these 
details here. 
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A SLIDE RULE FOR DETERMINATION OF DOSAGE 
FROM LINEAR RADIUM APPLICATORS 

By G. RUDINGER, Dipl. Ing., A. Jnst. P. 

Physicist, Radium Department of Sydney Hospital 

SVDNEV, AUSTRALIA 

TN SUPERFICIAL or interstitial radium solution of numerous other problems which 
therapy it is sometimes necessary to de- occur in dosage calculations, 
teimine the dose delivered by a single nee- The instrument is based on Sievert’s for- 
dle or tube. In interstitial treatments of mula and tables^-® and is shown in Figure i. 
very small lesions the dose must be deter- The essential theory of it is given in the ap- 
mined from the contributions of individual pendix. The (Quantities involved are repre- 
needles at the point of interest. For in- sen ted on scales, and by moving the slides 
stance, a technique for the treatment of these can take up any position relative to 
the lips which is extensively used at this each other. All slides must be set so that 
Hospital is the implantation of two parallel those divisions corresponding to the prob- 
needles of sufficient length which are in- Jem at hand are opposite to each other on 
serted about i cm. apart. The dose de- adjacent scales. Where transfer marks only 
livered to the lesion can then be related to are provided these must be used for setting 
the dose at the center between the needles, the slide. The range of all scales is sufficient 
The point at which the dose is to be de- to cover any case that may occur under 
termined is generally situated opposite the normal therapeutic conditions, 
center or active end of a needle. For other Starting from the top, the first scale 
locations the needle can always be divided which is fixed to the main body of the in- 
into two parts so that the point considered strument refers to the activity of a needle 
lies opposite an active end of each and the in milligrams of radium. If radon is used 
dose is then composed of two contributions the figures give the number of initial milli- 
from each needle. For a linear applicator curies. The first slide is set under it; it car- 
the effect of oblique filtration is not negligi- ries the two necessary time scales for radi- 
ble and depends on the ratio of the distance urn and radon respectively, and also an 
from the needle to its active length. Be- upper and lower transfer mark. The upper 
sides, the needle can be filled with radium (radium) scale must be used in conjunction 
or with radon and the relatively quick with the lower mark, and vice versa. The 
decay of the latter must be allowed for, next slide carries identical scales on its 
Several methods are available^"'’'^’"'® to upper and lower border and shows active 
determine the dose delivered by a filtered length. There are two notations; the ordi- 
linear source. They are based on the use of nary figures must be used if the dose is de- 
different tables or diagrams and all require termined at a point opposite the center o 
some additional though not difficult calcu- the needle, while the figures in ^^^^kets 
lations. A nomogram that could completely refer to points opposite the active end. i 
reoresent the relation between the quanti- following slide has only one scale lor dis- 

ties involved would be very complex be- tance from the needle axis. On its lower jor- 

cause of the great number of variables and der a transfer mark leads to a line sys 
ni«;o because the filtration effect is not inde- without notation. It is only necessar} 
indent “ other rnrinbles. It was found follow the lines from the transfer marl to 
i^bihoiver, to design a multiple slide the lower border and set the neat -didc 
rule which not only represents the relation 

between all variables but which is akso sim- act Jfcnci of nnothcr 

pie to use. In addition, it permits quick tent but onc-f..-tin« active length. 
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under the point thus obtained. The part 
carrying this line system is rigidlv con- 
nected with the active length scale and thus 
forms a holder for the intermediate distance 
scale. The principle of extending one of the 
slides into a complete slide rule permitted 
the solution of the problem that one of the 
factors contributing to the dose was itself a 
function of several variables. This auxiliary 
slide rule computes that function and the 
result is linked with the main slide rule over 
the transfer line system. Before discussing 


but it should be kept in mind that the gam- 
ma-ray dose only is determined, while for 
extremely low filtrations a great amount of 
beta radiation may also be present; the 
dosage contribution of the latter is not con- 
sidered. The filtration effects have been 
calculated on the assumption of a mean ab- 
sorption coefficient for platinum of 2.0 
cm.~^ as given by Sievert.-"^ In view of a 
recent paper by Mayneord and Honey- 
burne® a value of 1.5 cm.-^ might be more 
accurate although the difference for medi- 



Fig. I. Photograph of the slide rule (for description see text). 


the next slide which refers to filtration we 
assume that it is omitted altogether and go 
straight on to the last scale which again is 
fixed to the main body of the instrument 
and gives the dose in roentgens. The in- 
strument described so far (omitting the 
filtration scale) represents the relation be- 
tween the variables for a fixed filtration of 
0.8 mm. of platinum. For other filtrations a 
correction factor has to be applied which, 
as mentioned before, also depends on the 
ratio of distance to active length. The cor- 
rection is comparatively small and it is pos- 
sible to use a constant correction factor 
within a limited range of the ratio without 
introducing an appreciable error. The 
whole range of all possible ratios was di- 
vided into a number of such sections and a 
complete filtration scale was provided for 
each. These scales include zero filtration 


um filtrations is very small indeed. The fil- 
tration scales which are very short are ar- 
ranged side by side on the slide omitted 
from the discussion before. They are 
marked A, B, C, . . . G respectively. The 
upper border of the transfer line system is 
subdivided into corresponding sections 
A, B, Cj . . . G according to the ratios of 
distance to active length. The transfer 
mark of the distance slide is also used to 
indicate which filtration scale must be used. 

For distances greatly exceeding the ac- 
tive length the transfer line system would 
have to extend very far to the left. In these 
cases, however (distance greater than three 
times the active length), the dose does for 
practical purposes not depend anymore on 
active length and can be worked out ac- 
cording to the inverse square law for point 
sources. A section marked “Inverse Square 
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Law” has therefore been added within 
which any selected active length will give 
the same result. In this section all transfer 
lines have become parallel. A change of the 
active length will cause the active length 
scale and with it the transfer line system to 
be moved in one direction while the dis- 
tance scale is moved by the same amount in 
the opposite direction. Because of the paral- 
lelism of the line system the effects of these 
two movements will just cancel each other 
so that the same result is obtained what- 
ever active length may be chosen. In this 
way it was possible to reduce the extent of 
the line system to that of the other scales. 

The dose in roentgens was computed on 
the assumption that the specific emission 
of gamma rays from radium was 8,o 
r/mg-hr. at r cm. distance from a point 
source filtered by 0,5 mm. Pt. So far, no 
general agreement about this figure has 
been reached but other values could easily 
be allowed for, e.g., by a slight shift of the 
transfer marks on the filtration slide. 

The sequence of slide settings can be 
chosen at will. That means that any quan- 
tity can be determined if all the others are 
known. Furthermore, any setting of two 
adjacent scales gives a whole series of cor- 
responding values which will yield the same 
result if all other factors are kept constant, 
and it is thus possible to solve many inter- 
esting part-problems. If the quantities one 
is interested in are not on adjacent scales, 
any arbitrary values on the intermediate 
scales can be chosen, as long as they are 


kept constant. Sometimes it may be rnore 
coin^enicnt to alter the succession of .slides 
which can be introduced even in reversed 
direction without affecting the result. In 
the following, a few problems are stated 
which all can thus be solved in a few sec- 
onds: A radon implant gives the required 
dose in, sav, 7 days; how much radon must 
be used to give the same dose in 5 days?— 
If a treatment was planned for radium, how 
much radon would be required to give the 
same do.se in the same rimc.-;-A nnat.on of 
dose from a given needle with di.stance- 


Relation between active length and dose, 
other factors remaining constant, etc. 

The instrument permits immediate de- 
termination of the dose at points opposite 
the center and opposite the active end of a 
needle. Usually, knowledge of the dose at 
these points is quite sufficient, but the dose 
at other points can be worked out by the 
following method. The needle is divided 
into two parts where the dividing point is 
opposite the point considered. For each 
part, the dose can be worked out separately 
and the total dose is simply the sum of the 
two contributions. For points outside the 
active ends, a similar difference method 
can be applied which, however, is apt to be- 
come highly inaccurate when the difference 
of the contributions becomes small com- 
pared with the contributions themselves. 

Sometimes a radon applicator cannot be 
u.sed at the specified time and if the delay 
is considerable, loss of strength due to de- 
cay must be allowed for. For such calcula- 
tions a short scale marked “Decay of 
Radon” was added at the upper border of 
the first slide (treatment time). If the zero 
point of this scale is set under the number of 
initial millicuries of radon, then the amount 
remaining after a certain time can be read 
off opposite the corresponding scale divi- 
sion. 

A few details on the construction of the 
slide rule might be of interest. Tlie scales 
were drawn at a somewhat increased .size 
and then photographically reduced to final 
size. (The slide rule is 10 inches long.) The 
negative was taken with a commercial re- 
production camera* and ordinary contact 
prints were obtained from it. The prints 
were kept flat during drying and no difficul- 
ties due to irregular shrinking of the paper 
were encountered. The body of the .slide 
rule was made up of thick cardboard a^ 
u.sed for packing of roentgen films and glued 
tocethcr with office paste. To prevent the 
slides from falling out, the top was covered 
with a sheet of clear roentgen him base 

* The ;!u;i:or •iPd-t.Jr.S to Mr. V. W.tch f'.r tic yrr; rrJO'-.'i 

of thU Rcc-ttisr. 
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attached by a number of wire staples. The 
scales were protected by two coatings of 
celluloid varnish and the rest of the card- 
board surface was similarly treated with 
shellac. 

The accuracy obtainable with this rather 
crude model is of the order of a few per cent 
which is quite sufficient for clinical work. 
After several years of extensive use, the in- 
strument is still in perfect condition. 

APPENDIX 

While graphical representation of the rela- 
tion between two or more variables is widely 
used, slide rules designed for one particular 
problem are relatively rarely found. The reason 
probably is that the making of a slide rule in- 
volves a good deal more work than an ordinary 
nomogram and it cannot be as easily repro- 
duced as the latter. On the other hand, a nomo- 
gram for more than three variables can become 
very confusing while a slide rule does not lose 
its clearness when the number of variables is 
increased. The extended slide rule principle 
used will now be described in general form and 
then applied to the special problem. 

Figure 1 illustrates the slide rule principle 
for relations between four variables p, r and 
s. There are four scales, one for each variable, 
which are drawn in such a way that the dis- 
tance of a point denoted by p from the scale 
origin 0 is given by P (p) where P is some func- 
tion of p. The same applies to the other vari- 
ables. From Figure 1 the basic relation can be 
read off immediately 

•5(A=T(p)-.^(?)+R0-). (i) 

Any relation between four variables that can 
be brought into the form of (i) is therefore 
suitable for representation by such a slide rule. 
Naturally, this also includes relations of the 
torm Y(\^=A{a)-B{b) ■€{(:) because they can 
be reduced to form (1) by taking the logarithm 
ot the whole equation and then putting log 
■ 7 = A, etc. It is very easy to extend the number 
of A^ariables by adding one or more slides, carry- 
ing the necessary scales. Generally, this type of 
slide rule is suitable to represent any relation 
of the form 

r{y)=A{a)-B{b)-ac)-D{d) • • • . (a) 

In equation (1) or (2) all variables are dis- 


tinctly separated. It may occur, however, that 
one of the functions is itself a function of two or 
more variables and the relation to be repre- 
sented can be written as 

Y(j’)=A(a)-B(b)-C{c) 

■ ■ ■ Z[E{<^)F(f)G(g)]. (3) 

If w'e denote 

z^E-F-G (4) 

then equation (3) is already in the form of (2) 
but 2 has to be w^orked out separately. This can 



Fig. 2. Basic form of a slide rule showing relation 
between four variables of the form *S’(j) =P(p) 

be done by using the same slide rule principle 
again and Figure 3 showr how' the tw'o systems 
can be combined in one instrument. The slide 
of Figure 2 is extended to a complete slide rule 
to work out relation (4).* The obtained value of 
2 must be transferred to the main system to 
conclude the calculation. Generally, one w'ill 
not be interested in the actual value of z or 
Z{z) so that the notations can be replaced by a 
system of lines connecting points of equal 2 
values. Since these lines connect points wher- 
ever they may be situated, it follow's that the 
two systems are completely independent of 
each other and convenient different units of 
length can be chosen in each. It is thus possible 
to adjust the relative length and position of 
the tw'o 2-scales so that the resulting transfer 
line system will not be excessively oblique. 

* Several slides would he required if Z .should be a function of 
more than three variables. 





The dose from a radium needle at a point 
opposite Its center was g^iven by Sievert^*® as 

_ 2 MrN 

D F {fid, I /la) (5) 


where M is the radium content, / the active 
length, T the time, a the distance from the 



Fig. 3. Extended form of .slide rule showing re- 
lation between six varialdes of the form Viy) 
PjU^)-Z[Eie)-F{f)-G(f;)]. (The ncg.ative 
signs, e.g. =]og Bid), arc necessary because sub- 
traction of a logarithm corrcsjKinds to division, 
subtraction of a negative logarithm, therefore, 
corresponds to multiplication.) 


value corresponding U) a medium filtration of 
0.8 mm. Pi and allowing for other filtrations in 
form of a correction factor as described in the 
main text. It will further be seen that both / 
and a occur not only as parameters of F but 
also as independent factors. It might appear, 
therefore, that each system would have to con- 
tain scales for / and a which would greatly re- 
duce the value of the slide rule. In this particu- 
lar case, however, a solution is possible where 
no scales are repeated. Rearranging (^) ami at 
the same time giving rt' the value of 0.08 cm. 
gives 


M- T 


■PU/ 2 a), where 


P~Jt-N-l/la-F{o.o'ifi,l/2a). (6) 

Equation ( 6 ) has the form of (3) but / still oc- 
curs twice. I'hc two required /-scales have been 
placed at the position corresponding to the /- 
and r-scales in lugure 3, and since the units of 
length in the two systems arc indcj>endent of 
each other the two /-scales which are logarith- 
mic scales can be made identical in spite of the 
different powers of / involved, so that really 
only one scale appears on the slide rule. Hy this 
method the units of length in the two systems 
have been disposed of and the transfer line 
system must be accepted in whatever form it 
appears. It turned out to be very satisfactory. 
The ^syscalc of Figure 3 is reduced to a single 
transfer mark as P depends on two variab!c<^ 
only. 

Needles arc frequently filled v.'ith radon 
which decays relatively quickly. 'J‘he factor 7 'in 
(5) or (/>) must then be replaced by (i —c' *'}/''' 
to allow for the decay where ,X - 0.181 days ' is 
the decay constant of radon. 

riie scale for "Decay of Kadon" tbig. f) 


needle axis and fi the absorption coefficient of 
the wall material of thickness d. ;V is a conver- 
sion constant to nlitain the result in roentgensf 
and Fifid, Ifla) represents an intractable 
integral, tables for which have beeti published 
liy .Sievert'''. 

"in the stated form, equation ff) cannot yet 
be repre-ented by a slide rule as /•' is a tunr- 
tjon fif tveu p.araineterj-, fid ami I lus d:(- 

firul'v was if'.'crcfirnc by gsvmg fjJ a constant 



of course derived from the formula r 

where the amount of radon remaining nfrer 
a time 7' if the initial aimnmt i' tl. 'rliu c.an li- 
reprcsc.nted hy a simj)ic aprpheatton «.f the lee-;! 
slide rule principle in Fig^itc i. 'I'hc /-'rale r 
itlenrical with the /‘-scale and r-Hale n-ix 
required bec.'une t!>ert: are only fhrc’- v.u.oibb . 
*rhc s- and /osc.'ilc- ca.n therefore Ik' r.mvAi'J'.-- , 
itt a single scale. 

In order to obtain a convetiimf .'trr.n:;-".*'-.'"- 


of f lie ‘ '.'.ale ■ if lin'or!;'. , nr-, . 
suitable cofruar.t {.u tor-, m the ! 
<tuf, abe-jr'i.* the re ;dr, 

l»‘.th side'. of ‘i*)) by fo:.Th- 







VoL. 54, No. I 


Determination of Dosage from Linear Radium Applicators 


77 


placed by a scale for 100 D while on the right 
hand side the factor 100 can be combined with 
any of the functions. With logarithmic scales 
this merely corresponds to a shifting of the 
scales and a few trials will soon give a good ar- 
rangement. The ultimate design is described in 
the main text. 

The author wishes to express his thanks to Dr. 
Sylvia Bray, Radium Registrar at this Hospital, for 
the continuous interest shown in this work. 

SUMMARY 

A multiple slide rule is described which 
permits quick calculation of the dose de- 
livered by radium or radon needles as used 
in gamma-ray therapy. It can also be used 
for rapid determination of relations be- 
tween quantities effecting the dose. The 
theory of the design is outlined and some 
details are given regarding the mechanical 
construction of a simple model. The ac- 
curacy obtainable is sufficient for clinical 
use.* 
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* .After posting the m.inuscript of this paper, a publication by 
B. S. Wolf on “Radium Dosage for Linear Sources” became avail- 
able to the author (Am. J. Roentgenol. & Rad. Therapv, 1943, 
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A NOMOGRAM FOR THE EVALUATION OF INTER- 
MITTENT RADON TREATMENT 


By G. RUDINGER, Dipl. Ing., A. Inst. P. 
Physicist^ Radium Departme}7t of Sydney Hospital 

SYDNEY, AUSTRALIA 


TN THE use of superficial applicators cer- 
tain rules regarding the distribution of 
radium should be adhered to to ensure uni- 
form irradiation of the area treated. Avail- 
able radium needles with their long inac- 
tive ends will often not fit a given area and 


the treatment time which is equivalent to 
that for a radium applicator of equal initial 
strength. For this reason a nomogram was 
designed to permit the quick solution of the 
problem. In Figure i the left scale repre- 
sents treatment time per day while the 



Fig. 1. Nomogram for the ev.aluation of intermittent radon treatment. 


are particularly unsuitable for strongly 
curved surfaces. Radon needles or small 
pieces of capillary are much more satisfac- 
tory as they can be obtained at any 
strength required and are active over prac- 
tically their whole length. 

Whenever possible, it is desirable to 
treat patients as outpatients for a number 
of hours per dav. In the case of radon appli- 
cators it is rather cumbersome to evaluate 


right scale shows the number of days. A 
straight line connecting the proper scale 
divisions intersects the middle scale at a 
point showing the equivalent hours (some- 
times also called milligram-hours per ini- 
tial millicurie). For example, a radon treat- 
ment of <S hours per day over 5 days is 
equivalent to 28.5 hours using radium o 
equal initial strength. It is seen that tlic 
same equivalent hours could also be o )- 


78 



VoL. 54, No. 1 


Evaluation of Intermittent Radon Treatment 


79 


tained by treating 11.5 hours per day over 
3 days. 

Sometimes the treatment is interrupted 
for one day (e.g. a Sunday) and the con- 
tribution of this day must be subtracted 
from the equivalent hours. This is easily 
done as is best seen by an example. Suppose 
under the conditions given above the fourth 
day is to be omitted from treatment. The 
equivalent hours for 4 days are 24.5 hours 
and for 3 days they are 20 hours. Clearly, 
the contribution of the fourth day is then 
24.5—20=4.5 hours which must be sub- 
tracted from the previous value of 28.5 
hours. The resulting treatment is thus 
equivalent to 24 hours using radium. 

It must be realized that intermittent 
radon treatments require greatly increased 
amounts of radon compared with those 
necessary for continuous treatments and 
the increase may easily become prohibitive, 
particularly for large applicators. Never- 
theless, the described nomogram has been 
found very useful at this Hospital. 

APPENDIX 

In the following, the formula is derived on 
which the nomogram is based. For the actual 
design of it, however, reference should be made 
to any textbook on graphical computation. 

If is the number of millicuries of radon at 
the beginning of treatment then the amount 
remainina: after a time 1 is given by 
(If / is stated in days the decay constant 
X=o.i8i days~^.) The dose delivered during a 
time element dt is proportional to ^-dt and the 
total dose is proportional to the sum of all 
contributions. For the first day this becomes 



where ?/ is the number of hours treated per day. 
A similar integral applies for the second day 


with its upper and lower limit increased by one 
(day), viz.: 

p l+n/lt 

^oj e-'^‘dt. 

If treatment is carried out for N consecutive 
days then a sum of A^such integrals is obtained. 
In case of radium treatment the dose does not 
depend on the time distribution and simply 
becomes proportional to ^0- T. T is thus de- 
fined as the number of equivalent hours and 
becomes 


iH-n/24 


Thours 


r— iV— 1 n 

f 

r=s=0 y 


e~^‘di 


p=iY-l 


>•=0 ^ 


The factor 24 is necessary because X is re- 
ferred to days and T is measured in hours. Tak- 
ing the constant factors in front of the sum 
leaves a simple geometric progression the sum 
of which can be worked out by elementary al- 
gebraic rules. 


24(l_f-Xn/24) 

T=~ 

X ^0 


==/(n)XF{N). 


T is thus given as product of two factors of 
which one depends only on 77 and the other 
only on AL Such relations are conveniently rep- 
resented by an alignment chart consisting of 
three parallel and equidistant scales as de- 
scribed in the paper. 
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EDITORIALS « 


N'ONTUBERCULOUS PULMONARY CALCIFICATION 


C alcified pulmonary lesions have 
been the source of much speculation 
and investigation since Sayers and Meri- 
wether’s report^ on miliary lung disease 
due to an unknown cause. And now calci- 
fied pulmonary lesions assume greater and 
greater significance in view of the mass 
surveys of chests that are being made in 
tlie general population and in view of the 
fact that roentgen findings are often the 
basis for rejecting numbers of persons for 
the Armed Services. One of the significant 
problems involves the marked variation in 
the different parts of tlie country in the 
frequency of pulmonary calcification ob- 
served in roentgenograms of tlie chest. The 
important significance of tliis was recently 
brought out in a paper by Long and 
Stearns" based on Selective Service records 
in which tliey showed the prevalence of cal- 
cified lesions in the lung to vary from 6 
per cent in Oregon to 28 per cent in Ken- 
tucky. It has been known for some time 
that an area of high prevalence of calcified 
pulmonary lesions occurs in the central half 
of the United States, namely, in Kentucky, 
Arkansas, Illinois, Indiana, Iowa, Mary- 
land, Mississippi, Missouri, Nordi Caro- 
lina, Ohio, Tennessee, Virginia and West 
Virginia, witli a frequency generally lower 
in the states to tlie nortli, soutli and west 
of that area. 

While pulmonary calcification is gener- 
ally interpreted as evidence of healed tuber- 
culosis, certain investigators have con- 
cluded that tuberculosis is by no means tlie 
only disease which brings about such 

^ Sayers, R. R., and Meriwether, F. V. Miliary lung disease due 
to unknown cause. Am. J. Roentgenol. &: Rad. Theraev, 1932, 
337 - 3 . 0 . 

* Long, E. R., and Stearns, W. H. Physical examination at 
induction. Radiology, 1943, 144-1 50. 


lesions. Lumsden and Bearing observed a 
marked tendency to geographic distribu- 
tion of pulmonary calcification and tliis was 
associated closely with tlie occurrence of 
limestone and chert formations.® Since 
tliese calcified pulmonary lesions occurred 
in a large proportion of persons who had 
negative tuberculin reactions a diligent 
search has been made for nontuberculous 
origins of the lesions.^ 

A number of investigators believe that 
essentially all pulmonary calcification is 
due to tuberculosis in spite of a negative 
tuberculin reactioiij the assumption being 
tliat in such cases sensitivity to tuberculin 
has been lost with tlie healing of tlie tuber- 
culous lesion, whereas there are those who 
take issue with tliis explanation because 
many of the cases occur in children and 
that repeated tuberculin tests in this group 
of cases have shown an extremely low rate 
of positives. 

Recently Palmer® has had an opportu- 
nity to study the question of tuberculin 
negative pulmonary calcifications. This 
opportunity was afforded in an extensive 
investigation on tuberculosis in student 
nurses which was conducted cooperatively 
by tlie National Tuberculosis Association, 
tlie United States Public Healtli Service 
and a large number of tuberculosis special- 
ists throughout tlie country. 

Approximately 10,000 student nurses in 
sixty-five nursing schools in nine widely 
distributed metropolitan centers were un- 
der close observation. The study included 

3 Editorial. Calcified pulmonary lesions. Am. J. Roentgenol. 
& Rad. Theraev, 1943, 49, 823-825. 

Lumsden, L. L., and Bearing, W. P. Epidemiological studies 
of tuberculosis. Am. J. Pub. Health, 1940,50, 219—228. 

» Palmer, C. E. Nontuberculous pulmonary calcification and 
sensitivity to histoplasmin. Pub. Health Rep., May 11, 1945, 60, 
513-520. 
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Editorials 


a tuberculin test and 14 by 17 inch chest 
roentgenograms at six montli intervals. The 
results of this study bring out clearly the 
geographic regional differences in the 
frequency of pulmonary calcification as 
well as the fact thatj especially in states in 
the central eastern part of the country, the 
majority of nurses with calcification have 
negative tuberculin reactions. 

During this study, attempts were made 
to determine the etiology of the pulmonary 
calcification in tuberculin negative persons, 
and a study of the various fungi seemed 
indicated, especially since some reports 
have stressed Coccidioides immitis as an 
important pulmonary pathogen. Intra- 
dermal tests with coccidioidin were given 
to a sample group included in the study of 
student nurses in Detroit, Kansas City, 
Philadelphia and Baltimore. The results 
were essentially negative since only a very 
few reactors to coccidioidin were found, 
and many of the nurses who reacted to this 
test had lived or traveled in the southwest- 
ern part of the country or in California 
where coccidioidomycosis is known to be 
endemic. 

Palmer and his associates investigated 
the possibility that infection with Histo- 
plasma capstdatum might be a cause of 
pulmonary calcification and a large number 
of nurses were given intradermal histoplas- 
min tests. The results of this test would 
indicate that infection with histoplasma is 
ver}’^ common in widespread localities in 
the* United States, and that it is probably 
the principal non tuberculous cause of pul- 
monary calcification. Palmer’s conclusions 
are based on the assumption that skin 
sensitivity to the lustoplasmin used in his 
study is indicative of infection with histo- 


plasma. 

Melcny, .some time ago, expressed lus 
belief that histoplasmosis is not as infre- 
quent as might be supposed, that its in- 
frequencv is assumed because it is rarely 
diatmosed, that the organism is widely 
disfributed throughout the world, and that 
it\vould undoubtedlv be recognized with 
increasing freciucncy m the future as a 
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cause of hitherto une.xplained illnesses.® 
^ In order to insure uniformity in the 
inteipretation of findings in the study con- 
ducted by Palmer, all skin tests were per- 
formed and read by one person and all 
roentgenograms of the chest were inter- 
preted by one experienced roentgenologist. 
The roentgen findings in this particular 
study on nontuberculous pulmonarv calci- 
fication were limited to a report as to the 
presence or absence of .shadows character- 
istic of calcification in the lung parenchyma 
or lymph nodes. The roentgen findings were 
interpreted and recorded without knowl- 
edge of the tuberculin reaction and prior 
to the testing witli lustoplasmin. 

Palmer thinks it is clear from the data 


collected that there are wide geographic 
differences in the frequency of the reactions 
to lustoplasmin. Among the group of nurses 
who had lived essentially all their lives in 
Minnesota less than 5 per cent showed any 
reaction to lustoplasmin, while in Missouri 
more than 60 per cent were sensitive. He 
believes that this geographic distribution 
may be interpreted as evidence that the 
histoplasmin reaction is specific indication 
of some previous experience of the individ- 
ual, presumably infectious, since it would 
be difficult to account for such a variation 
if the reaction were nonspecific. In addi- 
tion, the consistent high degree of correla- 
tion of the histoplasmin reaction with 
pulmonar)' calcification in the various 
localities is similar indirect evidence of its 
specificity and of its medical significance. 

Jt is known that infection with histo- 
plasma may produce a fatal disease in 
recocnized cases. .Since numerous immunn- 


lical cross reactions are known to exC’t 
long bacteria, it seems best in the pres- 
t state of our knowledge t(j interpret the 
itoplasmin reaction as evidence of jirtni- 
s infection with lUstopUwnn rapudalmn 
an immunologically related organi-un. 
Palmer states that if tiie interpretation 
the spccificitv of the bistojdasmin rv.t i- 
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tions at once become apparent. First, histo- 
plasmosis, in tlie mild, perliaps subclinical 
form, may be a common infection, at least 
in tlie states in tl\e central eastern half of 
the country. The number of persons so 
affected in tliis area may total many mil- 
lions. The epidemiological evidence indi- 
cates that a high proportion of the pulmo- 
nary calcification observed in individuals 
living in tliis group of states may be due to 
an infection witli histoplasma or a related 


organism and not to tuberculosis. If this 
assumption proves to be correct, a number 
of problems in the study of tuberculosis 
may be clarified. 

Thus, Palmer, in his study of a large 
group of nurses in widely separated states, 
has pointed out a possible further cause of 
pulmonary calcification which has until 
recently been attributed to tuberculosis. 
Further studies are awaited to confirm or 
disprove Palmer’s interesting observation. 
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VERNOR M. MOORE 
1886-1944 


D r. VERNOR M. MOORE, a member 
of the American Roentgen Ray Society 
ncc 1925, died at his home in Grand Rap- 
R, IMichilzan, December 30, ^944? after a 

jdden and short illness. 

Born at Freeport, .Michigan, February 
Q I.SS6, he obtained his pre-medical tram- 


inc at Olivet College and gradunfed_ 
the Medical School oi the Fniyersif} 0? 
Michigan with the class of 191 1. Follovong 
two vear.s of general practice he htyanie a- 

sociaterf with the latc Dr. R’rU:,rdJi. 


Smith. In Uji 6 Dr. .Moore openy-i h' 
for the private practice 


fl' ^ 

J \ f 1 M ' t > 


,f radiology h the 
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Metz Building where he continued his prac- 
tice until his death. 

Dr. Moore was greatly interested and 
took a very active and prominent part in 
the work of organized medicine. He acted 
as Councilor for ten years, one year as 
chairman of the Executive Committee of 
the Council and at the time of his death was 
President-elect of-the Michigan State Med- 
ical Society. 

Early in his medical career, Dr. Moore 
became ver\ much interested in chest pa- 
thology. He /as a member of the Board of 
Directors of the Kent County Anti-tuber- 


culosis Society. He was held in high regard 
for his ability as a radiation therapist. 

Dr. Moore was a Past President of the 
Kent County Medical Society and the 
Michigan Association of Roentgenologists. 
He held membership in the Radiological 
Society of North America and was a 
diplomate of the American Board of Radi- 
ology. 

A sincere and loyal friend, never too busy 
to assist those starting in the practice of 
medicine. Dr. Moore will be greatly missed 
by his many friends and colleagues. 

Leland E. Holly 
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RALPH EMERSON MYERS 

1888-1945 


D 


R RALPH EMERSON MYERS was 
bom on January 28, 1888, at Buskirk, 
Slew York, the son of Dr. Adam Y. and 
Vlary E. Myers. He obtained his early 
•raining at private school and the Hoosick 
7 alls High School, from which he was 
graduated in 1904- additional 


year’s work, he entered Wesleyan 
sity, Middletown, Connecticut, in the lall 
of 1905 and became engrossed in the study 
of Greek and Latin. In 1907 he transferred 
to Yale University and received his 
from there in 1909 with honors and elects” 
to Phi Beta Kappa and Sigma Ai. At laie 
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he turned his attention from the classics to 
science and mathematicSj becoming inter- 
ested in physiological chemistry under the 
stimulating teaching of the late Professor 
Lafayette B. Mendel. He spent an addi- 
tional year’s work in this field and received 
an M.A. from Yale in 1910. Deciding to try 
his hand at the practical side of biochem- 
istry he became chief chemist at the Battle 
Creek Sanitarium. xAfter less than a year he 
resigned this position to accept an Austin 
Teaching Fellowship in Physiology at the 
Harvard Medical School under Professor 
Walter B. Cannon. He remained there until 
the fall of 1912, when he accepted an ap- 
pointment at the xAlbany Medical College 
(Union University) as lecturer in pliarma- 
cology and physiology. The following year 
he was promoted to an adjunct professor- 
ship in these subjects. 

i\t this point in his career lie was in- 
tensely interested in pharmacology and, be- 
lieving that the German text, Gottlieb and 
hleyer, gave the best presentation of the 
subject, he prepared a translation for his 
own students. He was planning to go to 
Vienna to work in pharmacology with 
Professor Hans Horst Meyer when the first 
world war caused a cliange in liis plans. 
He then decided without further delay to 
complete work for a medical degree and 
entered Cornell University Medical Col- 
lege, New York, in the fall of 1914. A con- 
siderable number of medical subjects had 
already been taken at Yale and Harvard, 
so that scarcely tliree years were required 
to complete the required course. The 
fourth year was occupied with an intern- 
ship at the Memorial Hospital. While an 
intern he spent considerable time in ad- 
ministering radium for Dr. H. H. Janeway 
at Memorial Hospital and this doubtless 
materially influenced his subsequent career 
m radiology. Upon receiving his M.D. in 
1918 he was commissioned a First Lieuten- 
ant in the Medical Corps of the United 
States Armv and served until the fall of 


1919. On his discharge from the Army he 
was appointed professor of pharmacology 
at the University of Maryland School of 
Medicine. He resigned at the end of the 
year (1920) to accept the professorship of 
pharmacology and physiological chemistry 
at the George Washington University 
School of Medicine. In the spring of 1922 
he was offered and accepted the director- 
ship of laboratories at St. Anthony’s Hos- 
pital, Oklahoma City. Realizing his lack of 
special training in pathology, he spent the 
summer at Memorial Hospital in New York 
with Dr. James Ewing. Dr. Ewing’s intense 
interest in cancer and its treatment must 
have unconsciously further stimulated his 
interest in radium and roentgen therapy of 
malignant tumors. Upon his arrival at St. 
/Anthony’s Hospital in Oklahoma City to 
assume the directorship of laboratories he 
found that the Department of Radiology 
was nominally under his charge, necessitat- 
ing his giving more attention in this direc- 
tion than he had anticipated, with the 
result that he soon found himself intensely 
interested in radiology. In 1929 after hav- 
ing held the post of director of laboratories 
for seven years he resigned in order that he 
might devote his entire time to radiology, 
in which field he gained wide recognition. 

In addition to membership in the Ameri- 
can Radium Society, lie was a fellow of the 
American College of Radiology, held a cer- 
tificate from the American Board of Radi- 
ology, and was a member of the Radiologi- 
cal Society of North America, the American 
Medical Association and the American 
/Association for the Advancement of Sci- 
ence. He served as Secretary and later as 
Chairman of the Section on Radiology of 
the Southern Medical Association. He died 
on March 14, 1945 from meningitis due to 
type III pneumococcus after an illness of 
two days. A wife, Lucy, whom he married 
in 1919, and a brother, Victor, survive. 

ATctor C. Myers 
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nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

North Dakota Radiological Society 
Secretary, Dr. L. A, Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society 
Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society 

Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Philadelphia Roentgen Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 p.M., in Thomson Hall, College of Physicians, 
21 S. 22d St. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 P.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. hleets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 
Rocky Mountain Radiological Society 
Secretary Dr.A.M. Popma,22oN, FirstSt., Boise, Idaho. 
St, Louis Society of Radiologists 
Secretary, Dr. Edwin C. Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president. 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Radiological Society 
Secretary, Dr. Carlton L. Quid, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:4.5 p.m., first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months at Toland Hall, University or California Hospital. 
Shreveport Radiological Club 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

South Carolina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
her, also at the time and place of South Carolina State 
Medical Association. 

Tennessee Radiological Society 
^cretary. Dr. J. M. Frere, 707 Walnut St., Chattanooga, 
Tenn. Sleets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Radiological Society 

Dr. Asa E. Seeds, Baylor Hospital, Dallas, 
Texas.Nextannualmeeting,Tempie,Texas, Jan. 17, 1945. 

UNIVERSITY OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY Staff Meeting 

Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 
uNn'ERsiTV' OF Wisconsin Radiological Conference 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
^n, Wis. Meets every Thursday from 4:00-5:00 p.m.. 
Room 301, Service Memorial Institute. 
irginia Radiological Society 

Dr. E. L. Flanagan, 116 E. Franklin St., 
Kichmond, Va. Meets annually in October. 
ashington State Radiological Society 
Wd/ao’. Dr. Thomas Carlile, 1115 Terry St., Seattle. 

^ fourth Monday each month, October through May, 
College Club, Seattle. 


X-RAY Study Club of San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 
Cuba 

SoCIEDAD DE RaDIOLOgIa Y FiSIOTERAPIA DE CuBA 

President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

British Empire 

British Institute of Radiology Incorporated with 
THE Rontgen Society 

Medical Members’ meeting held monthly on third Friday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.i. 

Section of Radiology of the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty of Radiologists 

Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. i 
England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South W-ales. 

Radiological Section of the Victorian Branch of the 
British Medical Association 

Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

Canadian Association of Radiologists 
Secretary, Dr. J. W. McKay, 1620 Cedar Ave., Montreal, 
P.Q. 

Section of Radiology, Canadian Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 

South America 
S ociEDAD Argentina de Radiologia 
Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD Peruana de Radiologia 

Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, .Tt the Asociacion Medica Peruana 
"Daniel .^. Carrion, Villalta, 218, Lima. 

Continental Europe 

SociEDAD Espanola de Radiologia y Electrologia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE Suisse de Radiologie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language. Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language. Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

Societatea Romana de Radiologie si Electrologie 
Secretary, Dr. Oscar Meller, Str. Banul MSrScine, 30, 
S. L, Bucuresri, Roumania. Meets second Monday in 
every month with the exception of July and August. 
All-Russian Roentgen Ray Association, Leningrad: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

Leningrad Roentgen Ray Society 

Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock. State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow Roentgen Ray Society 

Secretaries, Drs. L. L. Holst, A. W, Ssamygin and S, T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 
Scandinavian Roentgen Societies 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belon^ng to the Association. 
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PENNSYLVANIA PADIOLOGICAI 
SOCIETY 

Thirtieth Annual Meeting of the 
Pennsylvania Radiological, Society was 
held at the William Penn Hotel, Pitts- 
burgh, Pennsylvania, on May 5 and 6, 
1945. On Saturday, May 5, the following 
scientific program was presented: 

Management of Fractures. John R. Moore and 
W. E, Chamberlain, Philadelphia, Pa. 

Odds and Ends. John M. Keichline, Hunting- 
don, Pa. 

Roentgenographic Diagnostic Experiences in a 
Small General Hospital, John H. Harris, 
Harrisburg, Pa, 

Wilms’ Tumor. William J. Corcoran, Scranton, 
Pa. 

An Unusual Abdominal Tumor. F. N. Hoff- 
meier, Hagerstown, Md. 

Injuries about the Elbow Joint. George W. 

Chamberlain, Reading, Pa. 

Experiences in the Treatment of Tinea Capitis. 

Lester M. J. Freedman, Pittsburgh, Pa. 

Heart Size in Infants and Children. Sidney J. 
Hawley, Danville, Pa. 

Intestinal Polyposis. Leslie H. Osmond, Pitts- 
burgh, Pa. 


NEW ENGLAND ROENTGEN RAY 
SOCIETY 

At its rneeting on May j8, 1945, the New 
England Roentgen Ray Society paid honor 
to Its distinguished member. Dr, George W. 
Holmes, pioneer radiologist and teacher, by 
establishing an annual lecture to be known 
as the George W. Holmes Annual L ecture. 
The following officers were elected; 
President, Dr. Philip Batchelder,* Vice- 
President, Dr. Robert G. Vance; Secretary, 
Dr. George Levene, 

RADIOLOGICAL SOCIETY OF 
NEW JERSEY 

At the annual meeting of the Radiologi- 
cal Society of New Jersey held on May 16 
1945, the following officers were elected: 
President, Dr. H. J. Perlberg, Jersey City, 
N. J.; Vice-President, Dr, John Olpp, En- 
glewood, N. J.; Secretary, Dr. H, R. Brindle, 
Asbury Park, N. J,; Treasurer, Dr. W. H. 
Seward, Orange, N. J. 

CANCER TEACHING DAY 


The meeting on Sunday, May 6, was 
given over to a discussion of “Interesting 
Diagnostic and Treatment Cases,” with 
Sidney J. Hawley, Danville, Pa., as Chair- 
man, 

PHILADELPHIA ROENTGEN RAY 
SOCIETY 

At the recent meeting of the Philadelphia 
Roentgen Ray Society the following officers 
were elected: PresideJit, Dr, Paul C. Swen- 
son; Vice-President, Dr. Louis Edeiken; 
Secretary, Dr, Calvin L. Stewart; Treas- 
urer, Dr. David A. Sampson. 


A Cancer Teaching Day was held at 
Binghamton, New York, on Wednesday, 
June 6, 1945, under the auspices of various 
medical societies. The following papers 
were presented at the afternoon session; 
“Treatment of Cancer of the Cervix” by 
Howard C. Taylor, Jr., M.D.; “Cancer 
of the Stomach” by George T. Pack, 
M.D. Following a dinner, these papers 
were presented at the evening meeting: 
“Malignancies of the Genitourinary Tract 
by Ernest M. Watson, M.D.; Cancer of 
the Breast” by Norman Treves, M.D. 


PITTSBURGH ROENTGEN SOCIETY 

At the recent meeting of the Pittsburgh 
Roentgen Society the following officers 
were elected for the ensuing year: President, 
Dr Reuben G. Alley, Pittsburgh; Free- 
Preside, U, Dr. Paul Meader Pittsburgh ; 
Secrelary-Treasurer, Dr. Lester M. J. Freed- 
man, Pittsburgh. 


COLONEL ALFRED A. de LORIMIER 
RECEIVES ARMY AWARD 

The following citation appearing among 
the Army Awards and Commendations in 
the Jomwal of the American Medical /Isso- 

cintion for May 5, W45, ’ 

will be of interest to all readers of the 
JouRSAL. Colonel de I^rimier is a «cli 
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known radiologist and is a member of the 
American Roentgen Ray Society: 

Col. Alfred A. de Lorimier, formerly of Wasli- 
ington, D. C., was recently awarded the Legion 
of Merit for “service as director of the Depart- 
ment of Roentgenology, Army Medical School, 
Army Medical Center, Washington, D. C., from 
Sept. 8 , 1939 to Oct. I, 194a. He developed an 
easily transportable, complete and efficient field 
x-ray equipment for the Army which permits 
the location of bullets and shell fragments in the 
body of a wounded man and makes it possible 
for the surgeon to extract them. He tested all 
types of roentgenologic materials procured for 
the Army and formulated the specifications nec- 
essary for their purchase. He made extensive 
studies of the use of photoroentgenography and 
was instrumental in developing stereoroent- 


genography, which has a valuable use in induc- 
tion centers and in mass surveys. By his initia- 
tive, original thinking and development work 
he has performed outstanding service and con- 
tributed materially to the war effort.” Dr. de 
Lorimier graduated from the University of 
California Medical School, San Francisco, in 
1927 and entered the service May 10, 1929. 

AMERICAN BOARD OF RADIOLOGY 
The examination of the American Board 
of Radiology originally scheduled for New 
York in June was canceled. The next ex- 
amination will be held in Chicago some 
time in the fall of this year. Due notice will 
be sent out as soon as the time and place 
have been decided upon. 

B. R. Kirklin, Secretary 



Jl'lV, 1945 


^ INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 


Gynecology and Obstetrics 

McSweeney, D. J., and Moloney, A. M.; 

Combined x-ray and external pelvimetry, . 
Thoms, H.: Relation of sacral promontory to 

pelvic inlet 

Kantor, H. I.: Parasitic ovarian cysts 

Hunter, R. M.; Attempt to correlate the pre- 
eclamptic state with congenita! anomaly 

of kidney 

Thomas, S.: Diffuse calcification of placenta 
demonstrable in vivo 


Skeletal System 


Mock, H. E.; Symposium on injuries of head, 

chest, and back; head injuries 

Kenning, J. C., and Harris, I. D.: Some con- 
siderations concerning diagnosis of skull 

fractures • • 

Merrifield, F, W.; Management of jaw 

fractures • • •_ ; • • • 

Bennett, J. P-: Roentgenologic diagnosis of 

chest injuries 

Mock, H. E.: Back injuries: introduction. .... 
Carey, E. J.: Anatomical and physiological 
considerations prerequisites to diagnosis of 

back trauma •.•••■ 

Morton, S. A.: Differential diagnosis of 

traumatic lesions of the spine 

Lapidus, P. W., Guidotti, F. P., and CoLF/rn, 

C. J.: Triphalangeal thumb. . ... 

Jones, D. B.: March fracture of inferior pubic 


^YHISTON, G.: Congenital dislocation of hip 
with special attention to the after-care 

period and late postreductivc results 

MacAusland, W. R.: Study of derangement 
of semilunar cartilages based on 850 casts 
Krause, G. E., and Thompson, J. R., Je-: 
March fracture of the tibia 


93 

93 

94 

94 

94 


95 

95 

96 

96 

97 


97 

97 

98 
98 


98 

99 

100 


Love, J. G., and Walsh, M. N.: Protruded 

intervertebral disks.. 100 

Ehrenhaft, j. L.: Development of vertebral 
column as related to certain congenital 

and pathological changes loi 

Toth, B. J., and Wintermantel, J. A.: An 
apparently solitary myeloma of bone with 

subsequent generalization 101 

Echternacht, a. P.: Pseudotumor of hone in 

hemophilia *0* 


Blood and Lymph System 

Mahorner, H.: Method for obtaining veno- 
grams of veins of extremities ’O- 

Baker, E. C., and SEowrrz, S. H.: Observa- 
tions on venography of lower extremities 10; 

Figi, F. a., and Watkins, C. M.: Hereditary 

hemorrhagic tclangiecta.sia 'O.' 

ROENTGEN AND RADIUM THERAPY 


Barker, J. L. : X-ray therapy in the Army . lo.j 
pFAHl-ER, G. E.'. Review of Scott \VJ(JC ficul 

x-ray treatment 

Rosh, R., and Quinn, W. P.: Roentgen rajs 

in treatment of cervical lymphadenitis. . 104 

McFarland, J.: Mysterious mixed tumors of 

Buck-ma.v, L. T. : Carcinoma of middle car ami 

Fisher, G. E.: Use of radium in conduction 

jACK^o^ C and Bladv, J. V.: 

selection of treatment of cancer o la nx 10. 
Nfw, a B., and Stf.vex.so.v, \ End resul s 

of treatment of malignant lesions of naso- 

ENoJmq C W.VKoentgcn therapy of laryngeal 

Cancer of nasopharynx 

X-ray treatment of diseases of 

larynx 



92 



VoL. 54, No. 1 


ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 

GYNECOLOGY AND OBSTETRICS 

McSweeneYj Daniel J., and Moloney, Al- 
bert M. Combined x-ray and external pel- 
vimetry. Am. y. Obst. C? Gyjiec..^ I 943 j 

46, 102,-109. 

The authors set down the following criteria as 
determining the need for roentgen examination: 

1. Primiparas with floating heads at term. 

2. Multiparas with a history of previous dif- 
ficult deliveries. 

3. Primiparous breeches with apparently 
small pelves by external measurements (an 
external conjugate of less than 18.5 cm.). 

4. Cases with narrow subpubic arches and 
outlets (a subpubic measurement of less 
than 6 cm.; intertuberous measurement 
less than 9.0 cm.; sum of intertuberous and 
posterior sagittal measurements of less 
than 15.0 cm.). 

5. Elderly primiparas with an external con- 
jugate of 18.5 cm. or less. 

The roentgen examination consists of: 

1 . A roentgenogram directly through the pel- 
vic inlet. 

2. A true lateral view on which is measured 
the conjugate vera, the anterior -sagittal, 
posterior sagittal, the anteroposterior di- 
ameter of the mid-pelvis, the pubotuber- 
ous diameter and the biparietal diameter 
of the fetal head. 

Assuming the fetal head to be average size, 
the question of probable dystocia at the various 
planes can be reduced to the following simple 
observations. 

1. Dystocia at the Inlet — Measurements 

Conjugate vera under 10 cm. in gen- 
erally contracted pelvis 

Conjugate vera under 9.5 cm. in flat pel- 
vis 

Contour 

-Angulation of forepelvis 
Flattened posterior pelvis 

2. Dystocia at Mid-pelvis — Measurements 

Posterior sagittal under 3.5 cm. 

Subpubic arch under 5.5 cm. 

Contour 


Converging sacrum and pubis 
Sacrococcygeal platform 

3. Dystocia at Outlet — Measurements 
Interpubic under 5.5 cm. 

Intertuberous under 9.0 cm. 
Pubotuberous over ii.o cm. 

Contour 

Acute rather than obtuse arch . — Mary 
Frances Vastine. 

Thoms, Herbert. The relation of the sacral 
promontory to the pelvic inlet. Am. y. Obst. 
& Gynec., July, 1943, 46^ i lo-i 16. 

In this investigation the roentgenologic find- 
ings in 200 primigravid women have been 
studied. Because of the wide variation in posi- 
tion of the sacral promontory in its relation to 
the bony pelvic canal, some modern investiga- 
tors have found that for clinical purposes it is 
necessary to abandon the idea that the superior 
strait, as described in anatomic texts, should 
be considered as the plane of the obstetric pelvic 
inlet. Thus, the position of the forward edge of 
the sacral promontory is too unreliable to be 
considered as the posterior end of the true con- 
jugate diameter. From an obstetric point of 
view the plane of the pelvic inlet is considered 
to be bounded anteriorly by the upper posterior 
surface of the pubic symphysis and forward 
position of the iliopectineal lines, laterally by 
the iliopectineal lines and posteriorly by the 
posterior portions of these lines and the anterior 
upper surface of the sacrum at the point where 
convergence of these lines takes place. It seems 
that the diagonal conjugate cannot be consid- 
ered as a reliable index to the true conjugate 
and that in some cases information <;n 
may be misleading. 

In the series studied, an atter 
to find out if high positions of tl 
were associated with any par 
grouping according to the divisio 
pellic, mesatipellic, brachypelli( 
pellic types. From the analysis it 
that no definite conclusions may 
that the high promontory positioi 
if but slightly, associated with th 
and mesatipellic types of pelvis. 
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Also in the present series, the reliability of 
tne diagonal conjugate diameter as an index of 
we true conjugate diameter was determined, 
k j- purpose 1.5 cm. was deducted from 
the diagonal conjugate and a leeway of 0.25 cm 
plus or minus was allowed for the true con- 
jugate. The result showed that the diagonal 

conjugate could be used as a satisfactory cri- ujuyia//is ^\'ere niaue ir 

tenon in 76 instances, or hut 38 per cent of the cases. The roentgenograms were read i>v 

raMex . — M/ii 


Jl^Y, 15. j 

IS ba.^d on 74 cases divided into three groups: 

1. Iwenty-nvo patients with pre-eclampsia. 

2. 1 wenty-five cases of uropathies complicat- 
ing pregnancy. 

3 * Twenty-seven normal pregnant women 
near term. 

Routine intravenous urograms ■were made in 


a mernber of the roentgen department tvho was 
intentionally deprived of any knowledge of the 
clinical status of the patients. He was asked to 
state whether the kidney pelves were mtrarena! 
or extrarenal. After all roentgenograms were 
read, the clinical status was correlated with the 
roentgenologic status. The following results 
were obtained: (i) of the 22 toxic case.s, 20 pa- 
tients had intrarenal pelves and 2, extrarenal 


cases. — Mary Fj'ances Pas tine. 

Kantor, Herman" I. Parasitic ovarian cysts. 

A7n. J. Ohst. 6? Gy77cc., Sept., 1943, .^6, 412- 
417. 

_ Morgagni is reputed to have described para- 
sitic ovarian tumors as early as 1748. However, 

today, they are rather unusual, undoubtedly , , , . , , 

because operation is performed earlier for mtrarenal pelves and 2, extrarenal 

symptoms suggesting torsion of an ovarian tu- “/ patients with vropathic 

mor. Among the ovarian parasitic tumors, the complicating pregnancy who did not 

type most frequently seen is the dermoid. '’7^ ^ 

The development of parasitic tumors may be '^^ 7 ’ 7 
divided arbitrarily into four stages: "^”7 "“’’"’o' 

Fh^st Stage. Reduction in blood supply due to ^ 

slow torsion of the mass on Its pedicle. ' r , , * 

Second Stage. Adhesions formed between the 
mass and adjacent tissues of the omentum. 

Thh-d Stage. Additional torsion and further 
decrease in the primary blood supply. 


The author concludes that an intrarenal pel- 
vis is more common in the pre-eclamptic state 
than in normal pregnancy, or even in patient.s 
with uropathic conditions complicating preg- 
nancy. He suggests that since normally the kid- 


_ , r, A 1 1- • 1 - I • nancy, me suegesrs rnar since normally cm; Mu- 

Fourth Stage. Additional torsion to the point ^ j„ pregnancy, in the pre.-."- 

romtilfarp nmniifafinn nr flip npnirip. * . . . • . i • .1 i.r 


- - - O 

of complete amputation of the pedicle 
A case is reported in cvhich the patient’s com- 
plaint was “attacks of pain localized to the 
right quadrant.” The roentgenologist reported, 
“ . . . several clusters of calcification within the 
pelvi.s, one having the typical appearance of a 
calcified fibroid. Below this fibroid is another 
circular calcification which may be an addi- 
tional fibroid.” At operation the right ovary was 
found to be converted into a multilocular der- 
moid cyst attached by two pedicles, one com- 
municating with the infundibulopelvic ligament 
and the other -^vith the peritoneum. Both of 
these pedicles were tw'isted- Another cyst w’as 
found posterior to the uterus. 7 'his was attached 
completely to the omentum by a pedicle. 
Mary Frances Pasthic. 

Hunter Robert M. .An attempt to correlate 
’ • ‘th a conaenital 


the prc-eclampric state with a congenita! 
anomaly of the kidney. Am. J. Ohst. er Gyncc., 

July, r 943 > 

Thic studv from the department of obstetrics 
at Hahncmartn Medical College and Hotp.tal 


ence of an intrarenal kidney pelvis the resulting 
increased intrarenal pressure must of necessity 
cause back pressure in the kidney tubule. J his, 
in turn, must be compensated for by an in- 
crease in glomerular pressure or, in other words, 
an increase in blood pressure . — Mary Frances 
Vastsne. 

Thomas, Svdnev. Diffuse calcification of the 
placenta demonstrable in vivo. Ra/iioioyy, 
Dec., 1943, .//, 573-575- 
Calcification occurs normally in the placcru.a 
and should not lead to a diagnoMS of dia-:Re. 
The amount of calcium depends on the lengta 
of the preanancy and the mother’s calritun me- 
tabolism. Such calcifications are generally not 
demonstrable during life liecatisc they are mtiw.. 
and spread over a wide area and the feur r- 
often moving or the uterus cimtrarfing am 
motion is transmitted to the adcifial arc.! 
these movements or tho^c of the 
aortic ve.<^sfis. 'I’hcy ivill probably 
frequently .since the introduction ot th-. r*"”*" " 
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anode tube and with the use of improved tech- 
nique. 

A case is described in a white primipara nine- 
teen years of age who came for examination at 
the end of the tenth month of pregnancy on ac- 
count of hemorrhage. The possibility of pla- 
centa previa was considered and roentgeno- 
grams made for the purpose of localizing the 
placenta. The lateral view of the abdomen 
showed many opacities in the shadow of the 
placenta. The patient was delivered of a normal 
female infant ten and a half months after the 
estimated beginning of the pregnancy. The re- 
ticular pattern of the calcifications should al- 
ways be looked for in suspected placenta previa. 
— Audrey G. Morgan. 

SKELETAL SYSTEM 

Mock, Harry E. Symposium on injuries of the 
head, chest, and back; head injuries. Radi- 
ology, Dec., 1943, 41, 527-531* 

The author is a general surgeon who has 
made a hobby of collecting cases of fracture of 
the skull. He has records of a little more than 
7,000 cases, 500 of which he has treated him- 
self. He has made two surveys of a large number 
of hospitals and finds that in the second survey 
the mortality rate has declined 7 per cent. His 
own mortality rate ten to twelve years ago was 
20-21 per cent, but he has now reduced it to 
16 per cent. 

He outlines the proper course of treatment 
and points out factors that cause death. Much 
depends on careful and close observation of the 
patient, with blood pressure, pulse, respiration 
and temperature recorded every two hours and 
sometimes as often as every half hour. Every 
case of head injury should have a roentgen ex- 
amination but not while the patient is in shock, 
coma or wild delirium. The taking of roentgeno- 
grams in the first few hours increases mortality. 

He classifies the hospitals examined as hav- 
ing good, average and poor management. In the 
first group the average mortality was 19 per 
cent, in the second 25 per cent and in the third 
3S per cent. The lowest mortality in any one 
hospital was 17 per cent and the highest 42 per 
cent. The cases were of the same type and same 
average degree of severity. The differences were 
due to differences in attention to detail. 

He cites as pathological causes of death Avhich 
occur in 10—12 per cent of cases and cannot be 
prevented: cerebral shock, massive brain le- 
gions, hemorrhages in vital centers, serious asso- 


ciated injuries and complicating diseases. Other 
causes due to mismanagement and therefore 
preventable occur in 5 to 15 per cent of cases. 
They are: failure to treat shock first, failure to 
observe and chart the course of the injury, a 
hit or miss type of dehydration, overdehydra- 
tion and starvation, too few or too late spinal 
punctures, too few, too many or too early op- 
erations and oversedation . — Audrey G. Morgan. 

Kekxixg, J. C., and Harris, Ivor D. Some 

considerations concerning the diagnosis of 

skull fractures. Radiology, Dec., 1943, 41, 

532-538. 

Over 50,000 cases of injury of the skull have 
been given roentgen examination at the De- 
troit Receiving Hospital in the past eighteen 
years and about 9,000 of these hav’-e shown frac- 
tures. In all such cases right and left lateral, 
frontal and occipital views are taken. Care in 
technique and the use of the smallest possible 
focal spot and of the Potter-Bucky diaphragm 
are important. If there is a questionable line or 
if a fracture indicated clinically is not found, 
further roentgenograms are taken showing the 
suspected area in the greatest detail and with 
the least possible superimposition. 

It has been found that 26.8 per cent of all 
fractures occur in the anterior third of the skull, 
45.3 per cent in the middle third and 27.9 per 
cent in the posterior third. Linear fractures 
must be differentiated from suture lines, diploic 
markings, vascular grooves and artifacts. 
Roentgenograms illustrating these differentia- 
ations and the different types of skull fracture 
are given. 

In fractures of the anterior third the cribri- 
form plate of the ethmoid may be involved, re- 
sulting in leakage of cerebrospinal fluid and 
danger of meningitis and abscess. Involvement 
of the anterior Avail of the frontal sinus is less 
dangerous than that of the posterior Avail. It 
may be necessary to take roentgenograms at a 
tangent in order to differentiate betAveen frac- 
tures of the anterior and posterior Avails. If 
there is impairment of Ausion, special orbital 
A'icAA's sliould be taken. 

Fractures in the middle area or mastoid re- 
gion are more dangerous than in the other re- 
gions and at the same time more easily oA’^er- 
looked. The mortality increases Avith increasing 
inA'oh'ement of the mastoid. There are feAv com- 
plicating features in fractures of the posterior 
third or occipital region. 
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non-union. The tin.e ht! 

more so after this motoriaed war. It h^s Sn T J T ' 'i™'’: 

claimed that a fresh linear fracture can hr rUf ' '• • / discusses the different types of 

ferentiated from an od oneafer^^ '"J-f^fd'echest Instudyingtheribsanan,. 

not show on the roentgenogram unless the 

IVIerrifielDj Frederick W. Lhe management 
of jaw fractures. Radiology^ Dec., 1943, -/L 
539 ~S 4 ^- 


car- 


The mandible is the most frequently frac- 

ir.i r • X ^ ^ ^ 


tilage is ossified. Lateral or oblique \dews are 
necessary to demonstrate fractures of the 
sternum. In studying the routine chest roent- 
genogram the bones should always be observed. 
Fractures of the ribs or even a fractured dorsal 


tured of the facial bones. The fractures may be vertebra may be seen. Varying degrees of em- 


partial or complete and they occur most fre- 
quently at the angle or at the mental foramen. 
Fractures are apt to occur at sites of anatomic 
weakness, for instance in children with un- 
erupted teeth in the cuspid region. 

Diagnosis can generally be made from the 
history of injury and the characteristic appear- 
ance. The extent of the injury can be deter- 
mined by roentgen examination. The entire 
mandible from one side to the other should be 
examined. 


ph3''sema may be seen on the roentgenogram, 
which may be the only evidence of a perforated 
lung. Pneumothorax may be present, with or 
without fracture of the ribs. It may be so slight 
that roentgenograms in both inspiration and ex- 
piration are necessary to detect it. 

Hemorrhage into the pleural cavity may re- 
sult from trauma. Blood cannot be distinguished 
from any other fluid on the roentgenogram. 
Sometimes on the posteroanterior view encap- 
sulated fluid may simulate pneumonic consoli- 
dation, while on the lateral view it shows 


Treatment consists of care of the soft parts 
to prevent or minimize infection and reduction clearly. Hemorrhage into the lung parenchyma 
of the fragments, which generally brings about ^jAmla^e pneumonia, tuberculosis or other 

restoration of occlusion of the teeth. The teeth 
act as landmarks for successful reduction and 
the fragments may be fixed by wiring the teeth 


It may be possible to retain teeth even if there 
is some infection. The mandible heals even 
when there is severe osteomyelitis if adequate 
drainage is maintained. Splints are useful in 
some cases, particularly if there is loss of bone. 

The reduction and fixation of fractures of 
the maxilla and Hcial bones are ahso discussed. 
Diet is an important consideration in the treat- 
ment of fractures of the jaws. It should be nour- 
ishing and of sufficient vitamin content, and 
capable of passing through a feeding tube by 
suction. Sometimes nasal feeding must be 
used. The caloric requirement is from 2000 to 
^ooo.—Audrey G. Morgan. 

Bennett, J. Paul. The roentgenologic diag- 
nosis of chest injorks. Radiology, Dec., 1943, 

4 h 543-550- 

In an introduction to this paper Dr. Mock- 
points out that the associ-ntion of chest mjnnes 


infections. The mediastinal structures may be 
injured in trauma. Severe damage to the great 
vessels usually cainses almost immediate death 
but if the patient survives, the mediastinal 
shadow is broadened and shows straight vertical 
borders. A blow over the precordium may cause 
hemorrhage into the pericardium and the roent- 
genogram shows pericardial fluid. Air is occa- 
sionally seen in the pericardium as a clear area 
between the pericardium and the outline of the 
heart. Foreign bodies are occasional!)^ seen in 
the heart muscle or in the chambers. A case is 
described in which a large piece of glass was not 
seen on the roentgenogram taken during hie 
but was seen on that of the extirpated heart. 

Penetration of the diaphragm may cause sub- 
diaphragmatic hemorrhage and subsequent 
abscess. 3 rauma of the diaphragm may resu t 
in herniation. The hernia may be confused witli 
eventration of the diaphragm. A eft-sK « 
eventration displaces the heart to the ng 1 , 
while a po.sterior hernia will not. But an an e 
hernia may cause such a di.splacemcnt. 


nor 
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Pneumoperitoneum may be of value in differ- 
entiation. 

Cases of the different forms of chest injury 
are described and illustrated with roentgeno- 
grams. — Audrey G. Morgan. 

Mock, Harry E. Back injuries: introduction. 
Radiology, Dec., 1943, 41, 551 - 553 . 

The author calls attention to the great preva- 
lence of low back pain and the many changes 
there have been in its diagnosis and treatment. 
These patients generally come to the surgeon 
and want a definite diagnosis. It is true that 
there are cases that are definitely surgical and 
require the removal of a cord tumor, an osteoma 
or a protruding disc. But often even after a pro- 
truding disc has been removed the back pain 
persists, and often even the removal of foci of 
infection has not cured the pain. There are other 
factors — psychogenic, constitutional and pos- 
tural — which must be taken into consideration. 
Roentgen examination should be made but the 
whole responsibility should not be thrown on 
the roentgenologist. The surgeon should make a 
thorough physical examination of the patient 
and not accept slight spinal changes found by 
the roentgenologist as being necessarily the 
cause of the pain. Correction of faulty posture 
and living conditions and the resoration of mus- 
cle balance may do much more for the patient 
than surgery. — Audrey G. Morgan. 

Carey, Ebek J. Anatomical and physiological 
considerations prerequisites to diagnosis of 
back trauma. Radiology, Dec., 1943, 41, 554- 
559 - 

This thorough review of the anatomy and 
physiology of the spinal column is given be- 
cause of the importance of such knowledge in 
the diagnosis and treatment of low back pain. 
T here are a number of anomalies ot the spine 
that are found in patients who are free of 
symptoms but their spines are less stable than 
normal and more prone to strain and injury. 
They are: (i) elongation of the transverse 
process of the fifth himbar vertebra which is 
found in 25 per cent of the cases of low back 
p:un. This process impinges on the ilium and 
friction causes a painful bursa; (2) sacralization 
of the fifth lumbar vertebra. This is found in 
about 3.5 per cent of normal persons and about 
half of these have low back pain; (3) defect of 
the neural arch (spina bifida occulta). This is 


found in about 5 per cent of spines examined 
roentgenologically. It renders the spine weak 
and liable to injury; (4) variations in the spin- 
ous processes; (5) variations in the lumbosacral 
angle; (6) variations in the joint surfaces; (7) 
spondylolisthesis; (8) constitutional variations. 
Long thin individuals are apt to suffer sacro- 
iliac sprain while short heavy ones are apt to 
have lumbosacral sprain. — Audrey G. Morgan. 

Morton, S. A. The differential diagnosis of 

traumatic lesions of the spine. Radiology, 

Dec., 1943, 41, 560-564. 

It is often hard to differentiate traumatic 
from non-traumatic lesions of the spine on the 
roentgenogram. Fractures and dislocations are 
of course easily diagnosed but there are other 
changes apparently due to trauma which are 
non-traumatic in origin. One of these is non- 
traumatic dislocation of the atlanto-axial joint, 
usually seen in young people in association with 
infections of the throat or of the cervical lymph 
nodes. Laminagrams are often of value in the 
diagnosis of this condition. A basal view of the 
skull is recommended in order to show the rela- 
tion between the atlas and the axis. 

Persons who have had injuries of the neck 
may complain of pain in the neck and down one 
or both arms. Roentgenograms in these cases 
may show spurs projecting posteriorly from the 
bodies of the cervical vertebrae. 

In the dorsal region there are two more non- 
traumatic conditions that may be mistaken for 
traumatic ones — collapse of the body of a ver- 
tebra from osteoporosis and those changes in 
the epiphyses of the body of a vertebra com- 
monly called persistent epiphysis. They are 
really corners of the body of the vertebra pulled 
oft* by the action of muscles or ligaments. 

Near the lumbosacral junction a congenital 
defect of the isthmus may be mistaken for a 
traumatic lesion. 

Hypertrophic lesions are questionable. They 
may be seen in the spines of sedentary persons 
who have not suffered trauma and they may be 
absent in the cases of trauma. There is little or 
no connection between the degree of an injury 
and the subsequent development of hyper- 
trophic spurs. So there are many cases in which 
the roentgenologist must be extremely cautious 
in expressing a dogmatic opinion as to whether 
a lesion of the spine is traumatic or non-trau- 
matic. — Audrey G. Morgan. 
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If a soldier reports gradually developing ad- 
ductor hip or pelvic pain a roentgen examina- 


LapiduSj Paul W., Guidotti, Fkank P., and 
COLETTI, C. J. Triphalangeal thumb; report 
of SIX cases. Gynec. Obsi.^ Aug., 104-3 

178-186. ^ 


tion of die pelvis should be made at once.- 
Aiidrey G. Morgan. 


follows summarised by the authors as 

Whistox, Gordon. Congenital dislocation of 
the hip with special attention to the after- 
caie period and late postreductive results. 
Smj., Gynec. & Obs(., Sept., 1943, yy, 307- 
3H- 

Congenital dislocation of the hip, a clinical 
entity that might better be expressed as con- 
genital misplacement of the hip for its etiology 
is still largely a matter of conjecture and theory, 
is not a rare deformity. It is observed more fre- 
quently in certain sections of the United States, 
particularly in the northern states. Outside of 
the Western Hemisphere, the largest incidence 
occurs in Italy and France, and at the Rizzoli 
Institute in Bologna, 3,216 cases have been 
treated in 33 years. 

Methods of Reduction. The closed method of 
reduction for congenital dislocation of the hip 
is used for the majority of patients treated in 
the clinics from which this series was collected 
and studied. Forty-four of the 48 cases in this 
group were treated by the closed manipulative 
method and the technique described by Lorenz 
was followed in 41 of these 44 cases. Open op- 
eration was performed in only 4 patients in the 
entire series. 

Immobilization. The position of immobiliza- 
tion of the hip following reduction by the 
Lorenz method was that of marked abduction, 
Jones, Dean B. March fracture of the inferior flexion, and external rotation. This "frog-leg” 
pubic ramus. Radiology, Dec., 1943, 41, 586- position was maintained for an average 


I. Six cases of triphalangeal thumb have 
been repoi ted. In 3 of these heredity of the 
anomaly could be established. 

_ 2. This anomaly must be considered rare 
since the hist 3 cases were noted among more 
than 75,000 draftees examined. 

3. None of the various theories advanced at 
piesent can be accepted as an adequate explana- 
tion for the cause of this anomaly. 

4. From a review of the recorded cases, in- 
cluding the 6 cases reported here, it appears 
that triphalangisni of the thumb may have at 
least two origins: (a) double index or an extra 
finger fused on the radial side of the hand which 
lost its thumb, simulating the triphalangeal 
thumb, (i^) remnant of one of the phalanges of 
an incompletely developed bifid thumb, simu- 
lating a third phalanx. 

5. If these two theories are correct, it follows 
therefore that in the first the triphalangeal digit 
is not a true thumb. According to the second 
theory, the additional phalanx is not a true 
middle phalanx similar to that of the lesser 
fingers, but a remnant of the base of one of the 
phalanges of a bifid thumb. The latter theory 
is favored by the authors . — Mary Frajices 
Vastine. 


588. 


Increasing attention is being given to the 
nature of march fractures since the beginning of 
the war. Three cases are described here in which 

the fracture was in the inferior ramus of the . . - ■ • 

pubic bone with no history of trauma, no other closed method. This position was a 
Li-pnk In the oelvic ring and the characteristic tamed approximately four mon 1 . 


period of approximately four months in this 
series of cases. 

The Lorenz second position of less abduction, 
less flexion, and slight internal rotation was 
used in almost all the patients treated by the 


break in the pelvic ring 
roentgen findings of march fiacture. The roent- 
genograms are reproduced. They show rare- 
faction across the inferior ramus with a zone of 
periosteal proliferation at the margins, most 

marked on the upper margin. , 

Only one such case has been described before 
and that was in Germany. The roentgen^find- 
ings were the same as in 


these cases. These 


mSrch fractures occur in young men of previous 
Sntary life who have suddenly been inducted 
„To act ve military training. They do not occur 
Smolder trained and conditioned soldiers. 


Classification. 

I. Class I cures in the Fairbank classification 
include those cases in which the head of the 
femur is in the acetabulum and approaches the 
normal in size and shape as disclosed by roent- 
gen examination. Of the 48 cases reviewe , 
belonged to this class. 'J’he average age \ . - 
three years at the time of reduction. 

g. Class n cures include those cases wi I 

show an equally 7, Iv 

in which the head of the femur , 

normal either in the direction of being niiisli 
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roomed, varoid, or of being partly or completely 
worn away by absorptive arthritis. Nineteen 
cases were in this group. 

3. This class includes the considerable num- 
ber of cases which fail to maintain reduction 
and in which the femoral head is changed from 
a posterior dislocation to an anterior position. 
The anterior repositions are divided into two 
groups according to the roentgenological find- 
ings: (a) anterior reposition i means that there 
is a fairly well formed rounded head opposite 
the upper lip of the acetabulum with or without 
the formation of a false acetabulum at this 
point. Instability is prominent and pain may 
be noted; (/>) anterior reposition ii includes all 
the cases with gross changes in the bones. This 
usually takes the form of flattening and absorp- 
tion of the head of the femur and a flattening 
and condensation of the bone at the site of the 
upper lip of the acetabulum. 

Co 7 iclusio 7 is. From a study of this series of 48 
cases which have been under observation from 
seven to eighteen years after reduction, it is 
evident that the group in which patients were 
treated by closed reduction under the age of five 
years presented late results far superior to 
those in the older age groups. A period of post- 
reductive immobilization extending over ten 
months produced more class i cures in this age 
group than when a shorter period of plaster 
fixation was used. — Ma 7 'y F 7 'a 7 iccs Fastwe. 

MacAuslaxd, W. Russell. A study of de- 
rangement of semilunar cartilages based on 
850 cases. S 7 i 7 -g., Gy 7 iec. & Obst.^ Aug., 1943, 
77 , 141-152. 

This is a study of 850 cases of derangement of 
the meniscus in the knee joint. 

Etiology. A derangement of the semilunar 
cartilage is usually the result of an injury in 
which the femur is suddenly twisted inward 
while the weight is being borne on the flexed 
knee with the lower leg fixed in the position of 
external rotation. The injury is usually in- 
curred in a young person while engaged in an 
active sport. Older people, and especially those 
With an arthritic background, are likely to twist 
the knee in minor injuries. 

a 7 id Sex. Cartilage derangements are 
most common among men between the ages of 
eighteen and forty years. The lesion is seldom 
seen in old age or in childhood. 

Pathology . 

Lesions of the internal cartilage predomi- 


nate over those of the external because the 
former is a less mobile structure than the latter 
due to its relation to the internal lateral liga- 
ment and to its firm adherence to the articular 
capsule. 

2. Types of injured cartilages include: (a) 
fracture of the cartilage; (b) the hypermobile 
cartilage is the result of abnormal laxity of the 
meniscus at its periphery from damage to the 
capsular attachments; (c) complicating pathol- 
ogy — the cartilage in addition to being frac- 
tured or loose is commonly found to be thinned 
or thickened, calcified, frayed, cystic, or show- 
ing degenerative changes; (d) the congenital 
discoid meniscus. This type of cartilage repre- 
sents a lack of normal development. It appears 
to be peculiar to the external meniscus. In some 
cases it persists as a complete disc and in others 
as a disc with an open center over which is 
spread a thin curtain of tissue. 

Sy 77 ipto 77 is a 77 d Diag 77 osis. 

1. History of injury at which time there was 
acute pain and a feeling that the knee gave way. 
Often it was impossible to straighten the knee 
after the injury or else bending was possible 
only after someone had pulled on the leg. 

2. Recurrent attacks of slipping of the knee 
associated with a feeling of insecurity at all 
times. 

3. Intermittent effusion. 

4. Pain and tenderness in the region of the 
offending cartilage. 

5. The absence of cartilage-thrust. (In the 
normal knee, when the joint is extended, the 
cartilage may be felt to bulge or thrust out- 
ward between the articular surfaces; this thrust 
is missing when the cartilage is torn and dis- 
placed in the joint space.) 

6. Locking of the joint. 

Differe 77 tial Diag 770 sis. 

1. Loose bodies may be palpated or visual- 
ized on the roentgenogram. If locking is present, 
it tends to be momentary. 

2. Involvement of the infrapatellar fat pad. 
In this condition, the pad is palpable and ten- 
der on pressure and subpatellar crepitation is 
usually present. 

3. Arthritic joints are differentiated by 
roentgenograms, which show irregularities in 
contour of the joint. The history is gradual. 

4. Crucial ligament injuries are readily dif- 
ferentiated by the presence of abnormal antero- 
posterior motion in the knee (a shuck). 

5. Injury of the internal lateral ligament 
gives tenderness and pain localized on the me- 
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dial side of the knee increased by abduction. 
Ine joint is never locked. 

6 . Bone injuries can be distinguished by 
roentgenography. 

Roentgen Findings. In cases of suspected 
damage to a cartilage, roentgenograms of both 
knees should be obtained, not that they are of 


Jl'LV, 


hiiec?^ to the roentgenologist are out- 

. Anatomy of the Intervcrtcbi-al Disks. The disk 
3s composed of the central semigelatinous nu- 
cleus pulposus and the outer more fibrous an- 
nulus fibrosus. It is applied to the surface of the 


! l. '.i* 11* ' ^ 


tial to exclude concomitant lesions. Some ob- 
servers claim to be able to demonstrate the in- 
jured cartilage^ by injecting various contrast 
media into the joint and others recommend ar- 
throscopy, but the results of such demonstra- 
tions are as yet inconclusive. 

Treatment is discussed in detail. The factors 
that may' interfere with obtaining a good out- 
come by operative intervention are discussed. 
Among these are the presence of arthritic 
changes or associated pathology in the joint 
and the persistent weakness of the quadriceps 
extensor. — Mayy Frances Vastine. 


posterior longitudinal ligament. 

Pathology and Etiology oj^ Protruded Disks. 
The protruded portion of an intervertebral disk 
practically always consists of both nuclear and 
annular material. The condition is due to 
trauma, which is most often associated with the 
lifting of unusually heavy objects. 

Incidence of Pt'otruded Intervertebral Disk. 
The chief of the Section on Orthopedic Diag- 
nosis and his associates at the Mayo Clinic 
were called on, in 1940, to see approximately 
5,500 patients who had backache as a symptom. 
Approximately 13 per cent of the 5,500 patients 


^ ^ ^ were found to have one or more protruded disks 

Krause George E., and Thompson, John R., t|,e cause of their complaints, 

Tt^ ..C _ r.* » 


Jr. March fracture of the tibia. Radiology^ 

Dfec., 1943, 41, 580-585. 

The most common site of fatigue fracture due 
to marching is in the metatarsals but it may 
also be seen in the tibia, most frequently at the 
junction of the upper and middle thirds on the 
medial surface. Such fractures have been rare 
in this country because we have not had com- 
pulsory military training. They will probably 
become more frequent now. A number of 
European articles on the subject are quoted. 

Four cases are described and illustrated with 
roentgenograms. Attention is called to the fact 
that differentiation between such fatigue frac- 
tures and osteogenic sarcoma may present some 
difficulty. 

These fractures are generally incomplete, ex- 
tending only through the cortex, and the frac- 
ture line is narrow and hard to demonstrate. 

In one of the cases described the fracture was 
complete. There is abundant callus formation 
which occurs .— Audrey G. Morgan. 

Love, J. Graitox, and Walsh, Maurice 

Protruded intervertebral disks. Surg 

Obst., Nov., I 943 j 77 > 

Protruded intervertebral disks as such have 
been recognized and their clinical in, porta., ce the prc- cncc j 

. 1 fiince the work of I^Iixtcr 


Diagnosis of Protruded Intervertebial Disk. 
Some of the findings on examination of the pa- 
tient include: (l) loss of lumbar lordosis; (2) 
tenderness over spinous processes of lower lum- 
bar vertebrae; (3) hyperextension of back lim- 
ited and extremely painful; (4) straight leg 
raising in the dorsal recumbent position limited 
and painful; (5) positive Kernig’s sign; (6) ten- 
derness on pressure along course of sciatic 
nerve; (7) Achilles reflex diminished or absent; 
(8) history of intermittent pain ever since un- 
usual strain on back; (9) pain aggravated by 
lifting, coughing, sneexing or straining at stool 
and disturbing patient’s sleep. 

Contrast Media in the Diagnosis and Ijjcalka- 
tion of Protruded Disks. As the authors’ expen- 
ence has increased they feel that their clinica 
diagnosis is just as accurate as the roentgeno- 
scopic diagnosis obtained by the aid of r.u 1- 
opaque oif and more accurate than that ob- 
tained by the aid of air. Because of the slow 
nhciorbabilitv of radiopaque od and the metbeo- 



air myelogram in 
elude an unsuspected intraspinai neop a*- ^ ^ '■ 
of multiple lesions. Air 


has been established since 

Barr in .M4- The facta in tins study which 


ticallv valueless in thoracic :uui 


cervical intra- 


spina! lesions. Its use js re-bnefco 


1 ai 
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tirely to those cases in which a lesion in the 
lumbar portion of the spinal canal is suspected. 
The interpretation of spinograms (air myelo- 
grams) is very difficult and there are many pit- 
falls . — Mary Frmtces Vastinc. 


Ehrekhaft, J. L. Development of the vertebral 
column as related to certain congenital and 
pathological changes. Surg..^ Gynec. & OhL, 
March, 1943, 7<5, 282-292,. 

The development of the vertebrae and the 
intervertebral discs is described and a correla- 
tion is made between developmental peculiari- 
ties and certain lesions found in fater life. The 
lesions found in later life which are discussed 
include: 


I. Co7i genital synostosis {block vci-tehrae). 
There is complete or partial congenital bony 
fusion of two or mor^’’ertebral bodies without 
evidence of any or only small amounts of inter- 
posed intervertebral disc tissue. This malforma- 
tion is on the basis of a complete regression of 
the primitive annulus fibrosus. 


2. Sagittal cleft oei'tehrac. Persistence of the 
ventrodorsal extension of the perichordal sheath 
with or without the persistence of the chorda or 
splitting of the notochord in this area may pre- 
vent fusion of the laterally situated cartilagi- 
nous vertebral halves. Each half may become 
ossified separately by its anterior and posterior 
centers with persistence of the sagittal cleft. 
With weight bearing in later life, such vertebrae 
may form the “butterfly vertebral bodies.” 

3. Lateral half vertebrae or toedge veiiebrae. At 
first these half vertebrae are cuboidal in shape 
but they become a wedge as soon as weight 
bearing occurs. Bilaterally occurring half ver- 
tebrae may involve large segments of the spinal 
column as wedged hemivertebrae at different 
levels. They are most commonly explained on a 
faulty shift occurring in the period of develop- 
ment. This unilateral occurring shift will cause 
|m anlage for a half vertebra to remain at the 
lovjer and also at the upper end of the unequally 
shifted vertebral column. 


4- Ventral and dorsal half vertebrae. These are 
rare. The explanation for these must be on the 

asis of fault)’- vascularization and agenesis of 
either the anterior or posterior center of ossifi- 

deformity resulting will be of the 
gibbous type. 

5- Malformations of the chorda ayid chordal 
^^ninants. During the state of migration of the 
Notochordal cells during the cartilaginous pe- 


riod of embryonic development, there is definite 
persistence of the perichordal sheath forming 
the mucoid streak. Anywhere along the course 
of this structure which normally regresses com- 
pletely during the ossification of the vertebral 
bodies, chordal cell remnants may be found. 
One of the more frequent abnormalities seen 
are the outpouchings of the otherwise normal 
intervertebral discs. Sometimes true extensions 
of the nuclear material in a wedge-like manner 
can be seen protruding into the vertebrae. Dur- 
ing postmortem examinations notochordal tis- 
sue remnants are present in 2 per cent of the 
cases. Most of these are found in the region of 
the cli\ms at the base of the skull. 

6. Congenital weaknesses of the cartilage plates . 
In areas where the cartilage plates are pene- 
trated by vessels from the vertebrae, mostly 
along the peripheral two-thirds and in the cen- 
ter where the axial vessels accompany the noto- 
chord, chondrification gaps develop. Multiple 
spongiosal nuclear prolapses with juvenile ky- 
phosis in the young adolescent group occur 
mostly in boys subjected to very heavy manual 
labor. At this age there is still good blood supply 
to the intervertebral disc tissue. The nucleus 
pulposus is still rather liquid and easily dis- 
placed . — Mary Frances Vastine. 

Toth, Benedict J., and Wintermantel, 

Joseph A. An apparently solitary myeloma 

of bone with subsequent generalization. 

Radiology, Nov., 1943, 41, 472-477. 

Solitary myelomas are rare and apparently 
less malignant than the more common multiple 
forms. There are two types. The first is a purely 
osteolytic lesion with sharp demarcation and 
little if any expansion, usually located in a 
single vertebra or the shaft of a long bone. The 
second is a giant cell type which shows less 
tendency to generalization and responds better 
to irradiation. 

A case of the latter type is described in a 
woman aged fifty-three. She had had pain in 
the right hip for three years before coming for 
treatment. Roentgen examination on October 
20, 1939, showed a solitary tumor of the right 
pubic bone which later extended to involve the 
right ischial, innominate and left pubic bones 
and the soft tissues. At this time chest examina- 
tion was negative. 

On October 31, 1941, roentgen treatment was 
begun: fifteen treatments were given with a 
total of 1,700 r through three portals. This was 
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followed by considerable improvement with 
increase in red cells and hemoglobin, and in 
April, 1942, there was considerable recalcifica- 
tion of the area of destruction. A severe reac- 
tion with chills and high temperature followed 
comparatively small doses of roentgen rays. 
Holzknecht believed such reactions were toxic 
in character and of good prognosis. 

In June, 194a, this patient was readmitted 
with severe pain in the chest. Roentgenograms 
of the pelvis at this time showed further im- 
provement but those of the chest showed osteo- 
lytic lesions of the ribs with two healing patho- 
logical fractures. The patient grew worse 
rapidly and died on October 28, 1942, three 
years after the first roentgen study and six 
years after the beginning of pain in the hip. It 
is probable that a definite diagnosis of solitary 
myeloma cannot be made from roentgen exam- 
ination alone . — Audrey G. Morgan. 

Echterxacht, Arthur P. Pseudotumor of 

bone in hemophilia. Radiology, Dec., 1943, 

A case is described in a boy of thirteen who 
had shown evidence of hemophilia since he was 
six years of age. This admission to hospital Avas 
for a swelling just below the left knee on the 
anterior surface of the tibia covered with 
necrotic skin. From roentgen examination a 
diagnosis of sarcoma of bone was made and 
roentgen treatment given. I'hc swelling con- 
tinued to increase in size and extended down- 
ward. Disarticulation of the knee joint w.as de- 
cided on. The patient died three days later. 
Examination of the specimen showed a large 


.Iviv, 


of the extrenuties by contrast medi.i is hecorn- 
mg increasingly popular both for the studv of 
relatively recent thrombosis and of long stand- 
mg occlusion of the deep A’cnous system. 

A method is described which obviates the 
cutting down on the saphenous vein which has 
heretofore been done in venography of the 
lower extremities. The method consists of the 
following steps: 

1 . The patient sits on the roentgen table and 
with the legs dependent a 20 gauge ncctllc is 
inserted into a vein on the dorsum of the foot 
or on the ankle. The course of the internal sa- 
phenous is anterior to the interna! malleolus .and 
it is relatively superficial, usually permitting 
the insertion of a needle without an incision. 

2. 'I'he tubing of an infusion set containing 
normal salt solution is connected with the 
needle. The Infusion is permitted to drip rela- 
tively rapidly. 

3. The patient lies down on the tabic and :t 
gum rubber tourniquet is applied iiround the 
leg, usually at the junction of the middle .ami 
lower thirds, sufficiently tight to impede circu- 
lation in the superficial veins. ’I'liis serve.s to 
shunt the infusion from the superficial into the 
deep system. 

4. Twenty cubic ccntimcter.s of diodra.st (35 
per cent) is slowly injected into the tubing of tiic 
infusion just above the needle. 

5. Five seconds after rhe dindrast is com. 
pletely delivered, the roentgen expo-mre i- 
made. 

6 . .After the exposure the inlusinn continue'' 
to rim for 200 cc. in order to wash the diojr.fst 
from the veins. — Mary franees / n.ninr. 



t ion of tlie - — 

philia had caused subperiosteal hemorrhages 
which resulted in thickening and jiroliferation 
of the periosteum, erosion of the underlying 
bone and organiz.Ttion and calcification of the 
hematoma, producing a roentgen image that re- 
sembled that of sarcoma. 

'j'ijrce similar cases have been reported m the 
litemture, 2 involving the femur and t the bone^ 
of fisc thumi). 'rbey arc reviewed briifly.— 
Audrey 0. ^dorgan. 

r.J.nnU AVU I.VMI'H SVSTCM 

blownsD. A snethr'j tor obtaimnv 

‘ venograms of tbe^veim -a . 

Koentgenographic vn-mdizatr.'r. ..o, .-.t. 


Uakf.u, E. C.. and .Seowi iv, -S. { I. Oh-erv 
on venograph)" of the lower extrei; 
Radiology, No\'., i(>.Co -Aj 
•An excellent mctlu'd of studyng: the 
of the lower extremitie'- F by a ht.v •-<! r.w 
roentecnogranV' nmde over v.iryim’ pcy ' 
time. Tlic authors u>cd dioilra'-t iriieett 
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is reviewed. Physiological observations can be 
made from these serial roentgenograms and 
valuable pathological conclusions drawn. The 
passage of the dye upward is retarded in severe 
varicosities and in veins that are dilated and 
tortuous. There are free anastomoses between 
the deep and superficial veins of the leg and dye 
may pass .from the one to the other rapidly. 
Retrograde flow of the dye has been seen in 
both deep and superficial block. This method 
should be used before injecting any sclerosing 
solution or performing any surgical operation. 
Up until a year ago when the authors first 
started venography they had 10 per cent post- 
operative complications following massive in- 
jection and ligation and section of the long 
saphenous vein. Since beginning venography 
before operating there have been no such com- 
plications in 120 cases. The method is also valu- 
able in traumatic phlebothrombosis. There is 
no danger of diodrast causing loosening of an 
embolus. The method should be better known 
to surgeons . — Audrey G. Morgmi. 

Figi, Frederick A., and Watkins, Charles 

H. Hereditary hemorrhagic telangiectasia. 

Ann. OtoL, Rhin. & Laryng., June, 1943, 52, 

330-341- 

Hereditary hemorrhagic telangiectasia is an 
inherited abnormality characterized by the 
presence of localized angiomas or telangiectases 
which have a tendency to bleed. These vascular 
lesions occur most frequently in the nasal and 
oral mucous membranes where they often give 
rise to severe and at times fatal hemorrhage. 
The entity was first recognized by Rendu in 
1896 and was elaborated upon five years later 
by Osier. In 1934, Houser directed attention to 
this disease and reported the case of 4 patients 
all of whom were blood relatives. 

During the past twenty years, 20 cases have 
been recognized at the Mayo Clinic. None of 
these patients were blood relatives. No demon- 
strable changes in the coagulation factors of the 
blood nor undue bleeding after surgical pro- 
cedures was encountered. In all of the cases 
seen at the Mayo Clinic, epistaxis was the pre- 
senting complaint. 

Differential diagnosis must be made from 
hemophilia, purpura hemorrhagica, aplastic 
anemia and acute leukemia. 

The disease is due primarily to a defect of the 
walls of the capillaries and venules and therapy 
is not likely to benefit this. Electrocoagulation 
has given the best results with the authors. Ra- 


dium is contraindicated as it is felt that the 
atrophy and dryness of the nasal mucosa which 
results greatly increases the tendency to later 
bleeding . — Aiary Frances Vastine. 

ROENTGEN AND RADIUM THERAPY 

Earner, John L. X-ray therapy in the Army. 

Radiology, Nov., 1943, 41, 483-485. 

The author who is a Major in the Army 
Medical Corps discusses the changes that have 
taken place in roentgen-ray service since the 
beginning of the war. Roentgen therapy is now 
used to some extent throughout the whole Army 
Medical Department. The roentgen machine 
used in the combat zone is a portable roentgen- 
ographic unit which may be used also for super- 
ficial therapy, as for infections and dermatoses. 
The great majority of cases that require roent- 
gen treatment reach the General Hospitals 
where there is every facility for proper treat- 
ment, as in civilian hospitals. There are now 7 
General Army Hospitals in the United States 
and two outside the country in which both deep 
and superficial roentgen treatments are given. 
The names and locations of these hospitals are 
given and the equipment and treatment dis- 
cussed. 

Calculated on Army statistics for the past 
in an army of five million men there will be 
about 2,000 to 3,000 cases of cancer per year 
and 10,000 cases of non-malignant tumors. 
There is also now a much larger number of 
women in the Army than ever before and this 
will increase the number of cancer cases. Be- 
cause of the close observation of men in the 
Army, which is not possible in civilian practice, 
many cases will be seen earlier in the curable 
stage, so that the men may be returned to duty. 
Here in this army of millions the principle of 
early recognition and early treatment of cancer 
can be practiced as never before . — Audrey G. 
Alorgan. 

PfahleRj George E. A review of the Scott 

wide field x-ray treatment. Radiology, Nov., 

1943, 4 G 468-471. 

Scott’s method consists of treatment with 
small doses of low voltage roentgen radiation 
applied from the head to the upper part of the 
lower extremities, both in front and behind. It is 
given for its tonic and stimulating effect on the 
body as a whole and not for the destruction of 
pathological tissue. The dosage and interval 
between treatments must be determined by 
this tonic effect. 
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Scott began this work in 1920-1921 at the 
London Hospital. The first 50 cases were kept 
under observation for a year to see that no harm 
was done. Not only were there no bad effects 
but there was distinct improvement in all 
cases. There was nothing to suggest anemia or 
leukopenia in any case. 

The differentia! sedimentation test has been 
found of value in testing results and determin- 
ing the saturation point. The author has been 
using this method for more than six months and 
has seen no harm and some benefit from it. 

In the discussion Dr. Helen B. Flynn of Chi- 
cago said that in this treatment the patient 
must be watched carefully for signs of toxemia. 
Each patient will respond differently. Dr. 
Gendreau of Montreal said they had been us- 
ing the method in the Montreal Hospital but 
that it is dangerous and must be carefully 
studied. Dr. Godfrey of Glendale, California, 
said he had seen no bad effects from the treat- 
ment. He believed that in the cases in which bad 
effects had been reported curious metabolic 
changes had occurred which released toxic sub- 
stances that acted as a systemic poison. Dr. 
Pfahler, in closing, emphasized the fact that 
this was a stimulating treatment for normal tis- 
sue and not a destructive one for pathological 
tissue. It has no relation to the high voltage 
body treatment given for leukemia. The effect 
of any dose of roentgen rays depends to a great 


_ Regression and healing of the nodes and 
sinuses was usually complete. All types and 
stages of cervical adenitis were treated. 

Roentgen examinations of the chest were 
made in all cases. It was found that there was 
no active pulmonary tuberculosis unless the 
supraclavicular, axillary or mediastinal nodes 
were involved. 

The results are of course influenced by the 
economic condition of the patients. Run-down, 
overworked and poorly nourished patients do 
not respond as well as those in better condition. 
— Audrey G. Morgau. 

McFarland, Joseph. The mysterious mixed 
tumors of the salivary glands. Surg., Gynec. 
& ObsL, Jan., 1943, yd, 23-34. 

The mixed tumor was first described by Vir- 
chow in 1863. It is not a common finding since 
the author has been able to find only 400 cases 
in a twenty-five year search. 

These tumors have the following character- 
istics: 

1. They are definitely encapsulated and do 
not infiltrate unless their capsule is 
opened. 

2. The tumor usually projects externally but 
the skin stretches over it and rarely ul- 
cerates. 

3. One hundred of the %vriter’s 400 cases have 
recurred. 


extent on the volume irradiated. Naturally 
when the whole body is irradiated the constitu- 
tional effect is very great and this must be taken 
into consideration. Low voltage irradiation 
does not injure the blood-forming organs. — 
Audrey G. Morgan. 

Rosh, Rieva, and Quinn, William P. Roent- 
gen rays in the treatment of cervical lymph- 
adenitis. Radiology, Nov., 1943, 41, 464-467. 

The follow-up of 419 patients with cervical 
lymphadenitis treated at Bellevue Hospital has 
shown the good effects of irradiation in this 
condition. Small doses of roentgen rays are 
known to have a good effect on inflammatory 
conditions. A standard method of treatment for 
all cases is not possible. In children and younger 
natients %vith superficial lesions, low or medium 
vSe trctment ^vas given. In pat.ents jh 
deep large "“'ies, particularly .f .serjral nodes 
h^d become confluent, high voltage deep treat- 
\.nt was used. The total dose given was /£» 
to 900 r,'in air, repeated if necessary after six 

to eight weeks. 


4. Every mixed tumor consists of interstitial 
and parenchymatous tissues, the propor- 
tions and conditions of which vary. 

5. Metastasis is extremely rare. Perhaps ft 
never occurs. 

6. Local interference with function is rare. 

7. Treatment with roentgen rays and radium 
has not prov'cd of benefit. 

Excision of the tumor is indicated only if: 

1. The patient insists on the operation be- 
cause of the disfigurement. (He should be 
advised of the possible sequelae, viz., .sali- 
vary fistula, facial palsy, or recurrence.) 

2. Limitation of mandibular movement 
w'bich makes opening of the mouth difn- 

cult. , . 

3. Pain from pressure upon the .■^eE.sor, 

nerves. , , 

4. Sudden rapid increase in the size - 

tumor.— jAary Frances Fasiinc. 

huckma.s t. 

ear and mastoid. Ann. OtoL, Rhm.^ //- 
March, iy 43 ^ 5 ^> 
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A case of carcinoma of the middle ear and 
mastoid is reported and a discussion of this 
entity is presented. Statistics vary from an in- 
cidence of I /4000 to none in 20,000 cases. The 
following conclusions are reached: 

1. Carcinoma in this location is usually pre- 
ceded by a long period of otorrhea. 

2. Homolateral seventh nerve paralysis is 
usually an accompaniment sooner or later. 

3. There may be polypoid tissue in the mid- 
dle ear which is friable and perhaps, grayish. 

4. Pain is late. 

5. Roentgen examination may not be help- 
ful. It usually is not. 

6. Treatment is unsatisfactory. In 1930, 
Fraser described his sleeve operation on the 
canal and the postoperative use of radium. He 
felt that if the mastoid was Involved in the car- 
cinomatous process there was little hope. In 
1935 Schall described a technique of wide re- 
moval of the cutaneous nerves and the canal 
together with radical mastoidectomy followed 
by irradiation.. His results were favorable. — 
Mary Frances Vastine. 

Fisher, Gilbert E. The use of radium in con- 
duction deafness. Ann. OtoL, RJitn., & 
Laryng., June, 1943, 52, 473-4/6- 

Akaiwa and Takeshima in 1930 carried out 
experiments on the effects of irradiation of the 
lymph nodes found in the popliteal spaces of 
rabbits. Thirty minutes after irradiation, the 
lymph follicles of these nodes were enlarged. 
After one hour, the nuclei of many of the cells 
began to disintegrate. This disintegration 
reached its height in two to six hours. From this 
time on, marked phagocytosis was noted. Be- 
cause of this disintegration of lymphocytes 
there was a considerable decrease in the number 
of these cells in the lymph follicles after forty- 
eight hours. Then followed regeneration so that 
after the seventh day the lymph node resumed 
its normal appearance except for an increase in 
connective tissue. Microscopically there was an 
increase in the size of the node for the first two 
hours following irradiation. Then there was a 
gradual decrease in the size of the node, and in 
two weeks, the node was smaller than normal. 

The author has used a radium applicator in 
the treatment of 45 cases of conduction deaf- 
ness in which lymph tissue was noted to be ob- 
structing the eustachian tube. The capsule is 
made of platinum 0.5 mm. in thickness and this 
is loaded with 50 mg. of radium. The capsule 
has a coating of rubber 0.7 mm. in thickness. 


A I per cent solution of cocaine is sprayed into 
each inferior meatus. A cotton-tipped applica- 
tor moistened with 3 drops of 10 per cent co- 
caine is then passed along the floor of each 
inferior meatus. After five minutes, the radium 
applicator is inserted into the nasopharynx. A 
2-gram minute treatment is given on each side. 

Following the treatment there may be some 
stuffiness for one week with some increase of 
post-nasal discharge. This is followed by a de- 
crease in the amount of the post-nasal discharge. 

Conclusions. 

1. Nasopharyngeal lymph tissue will undergo 
compensatory hypertrophy producing a large 
recurrent mass of adenoids and a “granular” 
pharyngitis in almost every child whose ade- 
noids have been removed prior to puberty. 

2. - Large masses of nasopharyngeal tissue 
which obstruct the eustachian tubes are definite 
etiologic factors in conductive deafness. 

3. Atrophic changes can be readily produced 
in this tissue by exposing it to the gamma rays 
of radium. — Majy Frances Vastine. 

Jackson, Chevalier L., and Blady, John V. 

Criteria for the selection of treatment of can- 
cer of the larynx. Arch. Otolaryng.y May, 

1943, 

Much has been written about the relative 
advantages of irradiation and surgery in the 
treatment of cancer of the larynx, and too often 
these two methods have been considered from a 
competitive standpoint. 

The authors’ criteria for the selection of a 
method of treatment of cancer of the larynx 
are: 

1. The presence or absence of cervical me- 
tastases. 

2. The location and extent of the lesion, as 
evidenced by its appearance on direct and in- 
direct laryngoscopy and by lateral and plani- 
graphic roentgenographic study. 

3. The motility and mobility of the laryngeal 
structures. 

4. The histologic character of the lesion. 

5. The general physical condition and tem- 
perament of the patient. 

The indications for laryngofissure and laryn- 
gectomy include: 

1. Lesions occupying the middle third of one 
vocal cord are-suitable for laryngofissure by the 
“clipping” technique. 

2. Lesions reaching the anterior commissure 
and even involving the opposite cord are amen- 
able to extirpation by the laryngofissure route. 
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In such cases the “anterior commissure” tech- 
nique should be used. 

3. Lesions in which the growth is cordal but 
has reached the posterior end of the cord and 
produced impairment of motility, or has ex- 
tended subglotically, ordinarily call for total 
laryngectomy. 

4. Lesions in which the tumor has invaded 
cartilage (but not muscles) also call for laryn- 
gectomy, provided there are no metastases. 

The indications for irradiation include: 

1. Lesions unsuitable for laryngofissure and 
for which laryngectomy is contraindicated by 
the age, physical condition or temperament of 
the patient. 

2. “Inoperable” growths which are extrinsic 
by origin or extension or which have cervical 
metastases. 

3. Lesions which have reached the posterior 
extremity of the cord but have not produced 
impairment of motility of the cord. 

There are those who minimize the importance 
of the histopathologic picture, but the authors 
believe that the ultimate prognosis will be most 
favorable in cases of the better differentiated, 
slower growing, lower grade tumors, regardless 
of the method of treatment. In a recent review 
of cases of patients treated by irradiation alone, 
95 per cent of patients with Grade i tumors, 70 
per cent with Grade 2 tumors and only 40 per 
cent with Grade 3 tumors survived five years 
or more . — Mary Frances V astine. 


The 234 patients with malignancy proved by 
biopsy were treated by irradiation. Sympto- 
matic relief following treatment by irradiation 
was sometimes striking. The pain and headache 
were much better or sometimes entirely cleared 
up. Double vision, due to palsy of the sixth 
nerve, was eliminated by the treatment in some 
cases. Deafness from obstruction of the eu- 
stachian tube by pressure of the tumor was 
improved. L)’mph nodes of the neck were often 
reduced in size so that the patient was much 
better and more comfortable at least for a 
time. In several cases roentgenograms of the 
sella showed destruction of the posterior clinoid 
processes from extension of the tumor. .After 
treatment, regeneration of the bone occurred 
in a remarkable fashion. 

Of the patients who had sarcoma, a6.S per 
cent were alive five years after treatment and 
of the patients who had squamous cell epi- 
thelioma 8.9 per cent were alive. Of the total 
number of patients who had malignant lesions, 
13 per cent were living after five years. About 
twice as many patients with squamous cell car- 
cinoma were alive in the group without involv'^e- 
ment of the lymph nodes at the time of the 
treatment as in the group with such involve- 
ment. In other words, 15.6 per cent of the pa- 
tients with squamous cell carcinoma who did 
not have palpable lymph nodes and 7.4 per cent 
of the patients who had palpable lymph nodes 
were alive five years after treatment . — Mary 
Frances Vastine. 


New, Gordon B., and Stevenson, Walter. 
End results of treatment of malignant lesions 
of the nasopharynx. Arch, Otolaryng., Sept., 
^9^3,38, 205-209. 

Two hundred and seventy-one patients suf- 
fering from malignant lesions of the naso- 
pharynx received treatment. Biopsy was made 
in all cases and all revealed evidence of malig- 
nancy except 37. In these 37 cases there was a 
definite clinical picture of malignant disease but 
one biopsy did not reveal the malignant cells. 
However, the subsequent course of the disease 
confirmed the clinical diagnosis. Most of the 
malignant tumors of the nasopharynx are epi- 
theliomas, usually high grade squamous cell 
epitheliomas Grade 4 (Broders’ method), 
which, fortunately, are radiosensitive. The epi- 
theliomas usually appear ns ulcerative lesions 
in Rosenmuller’s fossa while the lymphosar- 
comas are large bulky tumors. The youngest 
patient was four years of age and the oldest 
eiehty with an average of 43-3 fears. 


Engler, Clarence W. Roentgen therapy of 

laryngeal tuberculosis. Ann. OloL, Rhin. 

Laryng., Sept., 1943} ^S 5 ~^^S- 

The most popular local measure in use today 
for the treatment of laryngeal tuberculosis is 
electrocauterization (voice rest excepted). It is 
universally agreed that laryngeal tuberculosis 
is practically always secondary to pulmonary 
tuberculosis. 

Rickmann has classified laryngeal tuberculf>- 


as follows; . . , 

1. Productive or proliferative type in wliicli 
E lesion is fairly well defined and localized. •• 
idency toward healing is present. 

2. Exudative type. The lesions are diffuse so 
It several stnictures in the larynx may he me 
It of disease at the same time. 

j. The mixed type in which both 
i exudative lesions exist in the same I. r) x- 
all three types, infiltration and ulccram - 
y be present. 
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Thirty-eight patients were given roentgen 
therapy. The rationale of tlie treatment 
adopted in this series took into account the fact 
that the inflammatory component could be 
managed by relatively small doses of roentgen 
rays and that the chronicity factor could be 
controlled by multiple doses at relatively long 
intervals and continued over a period of several 
months. 

Summary and Conclusions . 

I . Laryngeal tuberculosis is practically never 
primary but always a part of the general or pul- 
monary tuberculosis and must be considered 
and treated as such. 

2.. Good general resistance and a successful 
collapse therapy are more important in healing 
of the larynx than are any local therapeutic 
measures. 

3. The laryngeal lesion may heal while the 
pulmonary disease progresses. 

4. In a few cases the lung condition improved 
while the laryngeal lesion remained unimproved 
or progressed unfavorably. 

5. Laryngeal tuberculosis may be divided 
into the productive, exudative, and mixed 
types. 

6. Opinion regarding the type of laryngeal 
tuberculosis that will be improved by roentgen 
treatment varies with the enthusiasm and ex- 
perience of different authors. 

7. The cases reported in this series were not 
selected. Thirty-eight patients were given 
roentgen therapy. Of these, there was healing of 
the larynx in 21 per cent; 16 per cent showed 
some improvement. Twenty-one per cent re- 
mained unchanged and 42 per cent became 
worse. 

8. All 16 cases (42 per cent) in which the 
larynx became worse were of the exudative 
type. 

9. It is advised that a large series of selected 
patients be given roentgen therapy in order to 
determine what relative value it has as com- 
pared with other local measures and also what 
type of lesion is benefited by it . — Mary Frances 
Vastine. 

Martin, Charles L. Cancer of the naso- 
pharynx. Ann. OtoL, Rhin., ^ Laryng., 
March, 1943, 52, 146-160. 

Cancer of the nasopharynx originates most 
frequently in the pharyngeal tonsil and the 
fossae of Rosenmuller and much less often in the 
periphery of the choanae and the posterior naso- 
pharyngeal wall. Many of these are incorrectly 


diagnosed even after secondary invasion. Wolt- 
man stated that only i out of 20 cases examined 
at the Mayo Clinic prior to 1922 had been cor- 
rectly diagnosed. 

Undifferentiated epitheliomas, lymphoepi- 
theliomas, lymphosarcomas and plasmocy- 
tomas respond satisfactorily to irradiation 
whereas adenocarcinomas, well differentiated 
epitheliomas and the spindle cell carcinomas 
respond poorly. 

The subject is discussed vmder the following 
headings: 

1. Local growth. Only half of New’s 194 
cases complained of symptoms produced by the 
primary growth. Thus, it is usually the manifes- 
tations due to the secondary extension which 
first bring the patient to the physician. 

2. Intracranial extension. This occurs in 
about one-third of the cases. The exact mode 
of the extension is not known. The neoplasm 
enters the cranial vault just lateral to the sella 
in the region of the foramen lacerum and may 
extend either anteriorly or posteriorly. The 
dura is pushed upwards but practically never 
invaded. No dysfunction of the pituitary gland 
has been seen from this extension. Vertical sec- 
tions of the middle fossa show the nerves to be 
placed in the following order if one reads from 
below upwards: the sixth branches of the fifth 
nerve, the third nerve, the fourth, the first. 
Extension of the nerve symptoms due to ex- 
tension of the tumor into the middle fossa fol- 
lows the same order. (The posterior cranial 
nerves are likely to be compressed by extra- 
cranial rather than by intracranial metastases.) 
Auditory nerve symptoms practically never oc- 
cur. The patient with early intracranial exten- 
sion usually complains of double vision from 
internal strabismus, pain or anesthesia in the 
face, nose or teeth. 

3. Lymph node involvement. Those which 
lie in the deep cervical region below the tip of 
the mastoid are the first to be involved. There 
is later dissemination to the posterior cervical 
chain, and occasionally the submaxillary and 
submental glands are involved. 

4. Generalized metastases. Extension below 
the clavicles with mediastinal lymph node or 
pulmonary involvement is not infrequent. Me- 
tastases to bones, liver, kidneys, spleen or retro- 
peritoneal lymph nodes are usually present at 
this stage. 

5. Treatment. Surgery has accomplished rel- 
atively little in the treatment of these tumors. 
Approximately 85 per cent of the primary le- 
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sions are so radiosensitive tliat tliey can be 
completely eradicated by irradiation. The exact 
technique and dosage used by the author in 
treatment is outlined. He administers irradia- 
tion to the base of the skull and the thorax as 

well as the lesion itself in the early cases. 

Marj' Frances Vastine. 

LenZj Maurice. X-ray treatment of diseases 
of the larynx. Ann. OtoL, Rhin. Laryng., 
Marchj 1943, 85-108. 

Roentgen treatment is employed chiefly in 
three groups of diseases of the larynx, viz., 
chronic inflammation, benign tumors and can- 
cer. 

I. Inflammation of the larynx. The inflam- 
matory diseases in which roentgen treatment 
has been carried out most often are tubercu- 
losis, blastomycosis and scleroma. (Though 
roentgen treatment of laryngeal tuberculosis 
has been popular in central Europe for fifteen 
years it has not been generally accepted in the 
United States.) 

a. Benign tumors of the larynx. Roentgen 
treatment of benign tumors of the larynx has 
been successful chiefly in a few hemangiomas 
and various types of papilloma. Single papil- 
lomas which are uncommon and usually occur in 
adults should not be treated by roentgen ir- 


tomy, a total laryngectomy or to rely upon 
•roentgen treatment. Roentgen treatment of 
cancer of the larynx is a serious undertaking. 
1 he 1 eaction to it is severe and it is not tolerated 
by all patients. 


Microscopic classification of cancer of the 
larynx by itself is no longer regarded as a reli- 
able guide either to radiosensitivity or to radio- 
curabihty of the process. Prognosis seems • 
rather to be influenced by; 

I. The location of the primary tumor. Those 
which are located primarily in the region of the 
arytenoid cartilages seem to have the poorest 


prognosis. 


1. Local extent of carcinoma of the cords. 
Theie is no doubt that the extent of the cancer 
on admission definitely influenced the results of 


roentgen treatment in the series treated. 

3. Cancer of the arytenoids. Invasion of the 
arytenoids by carcinoma whether this is an ex- 
tension from a primary site on the mucosa cov- 
ering the arytenoids or is a spread from a can- . 
cer of the cord, often signifies that the cancer is ' 
incurable by roentgen treatment. Three factors ' . ' 
contribute to the gravity of invasion of the 
arytenoids by cancer; {a) cancer of the ary- 
tenoids is usually silent early whereas cancer on 
the free edge of the cords produces hoarseness 
and therefore an early diagnosis; {R) a rich 
lymphatic network covers the arytenoids so 


radiation. The need for roentgen treatment of 
multiple papillomas in children has been re- 
duced to a minimum as they are now effec- 
tively treated by estrogen therapy. 

3. Cancer of the larynx. Details of the pres- 
ent technique employed by the author at the 
Presbyterian Hospital, New York, are given. 
Eighty-nine cases of carcinoma of the larynx 
were treated between 1932 and 1936. Of this 
number, 14 had treatment following total 
laryngectomy. Four of these (28.6 per cent) 
were clinically free from cancer in January, 
1942. Five received roentgen treatment after 
partial laryngectomy. Three of these (60 per 
cent) were clinically free of disease m 1942. 
Seventy cases received roentgen treatment only 
and 13 (18.6 per cent) were clinically free m 


^^inZofter'difficult to decide whether m a 
particular case of carcinoma of the larynx it is 
better to perform a laryngofissure and cordec- 


metastasis is early; (c) the arytenoids are lo- 
cated in a sort of pouch and drainage is uphill 
and inadequate. Infection therefore persists 
here so that necrosis, especially of the carti- 
lages, arises and is made worse by roentgen ir- 
radiation. 

4. Cancer of the epiglottis. Cure may result 
from roentgen therapy, even if most of the epi- 
glottis has been invaded by the cancer and has 
undergone necrosis after roentgen treatment. 
This is probably because in necrosis of the 
epiglottis, drainage is downwards towards the 
ventricle, and the necrotic material is emptied 
into this cavity whence it is coughed up and ex- 
pectorated. 

5. Metastases to cervical lymph nodes. Nat- 
urally those patients whose cancer on admis- 
sion has already extended beyond the cord tend 
to present metastatic lyrnph nodes more often 
than those in whom it is still limited to the 
cord.— 'Mary Frances V astine. 
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THE PRODUCTION OF GROWTH BY THE ACTION 
OF THE PITUITARY GLAND ON THE VASCULAR 
AND HEMOPOIETIC SYSTEMS 

INTERRELATIONSHIP BETWEEN THE LUNGS AND THE 

PITUITARY GLAND* 

By ROBERT C. MOEHLIG, M.D. 

DETROIT, MICHIGAN 


I T IS the purpose of this paper to present 
evidence supporting tlie view that tlie 
pituitary gland produces growth by the for- 
mation of blood vessels and by supplying 
blood to the tissues. Furthermore, it will be 
shown that there is a reciprocal relationship 
between tlie lungs with tlieir vital functions 
of oxygenation, and respiratory water 
metabolism and the pituitary gland. The 
influence of this gland on the mesodermal 
vascular and hemopoietic systems is of par- 
ticular interest in tliis paper. 

That growth may and does take place by 
virtue ol an increase in the number of blood 
vessels and blood supply to a part is showm 
in the condition, arteriovenous fistula. In 
this departure from the normal blood sup- 
ply, growth proceeds w'ithout the presence 
of a pituitary eosinophil adenoma or hy- 
perplasia and most certainly wnthout a 
generalized increase of the anterior pitui- 
tary hormone. There is present, as a rule, 
an enlargement of the soft tissues as well as 
of the bones in the affected part. This rep- 
resents a localized gigantism or acromegaly. 
Horton-^' reported 23 cases of hemihyper- 


trophy of the extremities associated with 
arteriovenous fistula. The report covered a 
period of two years at the Mayo Clinic. 
That the increase in blood flow to an ex- 
tremity may alter the normal growth of 
bones is shown in these cases of arteriove- 
nous fistula. Horton said that the fact that 
the age of the patient can be estimated 
fairly accurately by the degree of ossifica- 
tion of various bones is well known. If the 
ossification of the wrist and hand in one of 
his cases were offered in evidence of age it 
would be valid only as applied to the right 
(normal) member. Three carpal bones were 
ossified in the normal member with the 
arteriovenous fistula. The anatomic age of 
the right hand was approximately five years 
but the subject's age was only three years. 
It is of interest that in 5 of Horton’s 23 
cases, hypertrophic arthritis was present in 
the terminal joints of the involved extrem- 
ity and bone atrophy was present in 2 cases. 

In Figure i is shown an amputated hand 
with an acquired arteriovenous fistula in- 
jected with red lead. Despite the suturing 
of the radial and ulnar arteries with result- 


* l-rom the Department of Medicine, Harper Hospital, Detroit, Michiean. 
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Fig I Hand with arteriovenous fistula 
^ creased blood supply due to ligation of radial and 
S armies. CirL'id conditions of vessels ,s well 

shown. 

ing retardation 

<;noDlv the tortuosity of the blood vesse 
and great vascularity of the hand are ap- 

of Horton’s cases there was an m- 

crease of 0.5 to 7 cm. in the lengdi of the 

bones in the 
perature was from i » 

*:a"f"th®blood from the veins of 


the affected extremities was invariably 
higher than the normal extremities. This 
same difference was noted in intracranial 
arteriovenous fistulas by studying the oxy- 
gen content of the internal jugular vein. 

If an arteriovenous fistula can produce an 
overgrowth of an extremity by increasing the 
blood supply^ is it possible that the pituitary 
p7‘oduces body growth by developing the cir- 
culatory system of the body a 77 d by the pro- 
duction of blood? If so^ then there is no need 
to assume the presence of the so-called specific 
homnones or polyhormones since all endo- 
crine glands would be dfiected by this mecha- 
nism. Not alone would the endocrine glands 
be affected but the body as a whole. ^ _ 
Certain states of congenital hypopitui- 
tarism are associated with defective growth 
development resulting in dwarfism. In the 
congenital condition cretinism, dwarfism is 
also present and as pertinent to the present 
discussion, the state of the pituitary m this 
disease is of paramount importance, in a 
review of the pituitary findings in cretintsm 
and congenital hypothyroidism, it was 

found that this gland ‘■undergoes smcturd 

rhanees The majority believe that Inper 

pLsiffs present^onfined almost en^ 

to the chromophobe or chief cehs. Some b 
lieve that the gland atrophie,s. Pcoin a cim. 
cal standpoint everyth.ng P™ 
function of the pituitary in i j 
roid state. Enlargement of the s“ ““ 
not necessarily mean, as some be , 
increased function. Cretinism w i, 
certainly does not indicate t'f' “e j 
is an actively secreting gland hub 
contrary, is a degenerative type of gland 

‘"I'-elhe pituitary function is red^ 

cretinism, then the ,^^4is congeni- 

svstem developments ou aplastic or 

ral and developmental state be apias 

show evidence normally 

based on the assumption a 

functioning pituitary is Since 

normally pitui- 

rary is a am of the 

gland in cretinism, then tnc 
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vascular system in tliis disease should be an 
undeveloped one and so it is found. Some of 
the evidence is as follows: Starlinger/® 
withdrawing blood from the veins of cretins 
noted that this could be performed much 
easier in those with a goiter than in those 
without. He therefore concluded that the 
vascular system in hypothyroidism remains 
in a hypoplastic condition if the disease is 
present during the first years of life. If, 
however, hypothyroidism is present later 
in the developmental period of life, tliis 
hypoplastic state of the vascular system does 
not takeplace and normal conditions prevail. 

DeQuer^min and Wegelin^* said tliat four- 
fiftlis of all cretins show moderate to severe 
changes in tlie capillaries. Gehri,^® of Wege- 
lin’s Clinic, studied the capillary system of 
155 cretins. She found that the more severe 
the grade of cretinism, the more severe the 
grade of capillary system disturbance. 
Ninety-three of tlie 155 belonged to the se- 
vere type of cretinism. And in this group 
3.2 per cent showed normal capillary devel- 
opment, 9.6 per cent showed mild involve- 
ment, 39.7 per cent were moderately af- 
fected and 47.5 were severely affected. 

The condition of the capillaries as found 
in cretins by Gehri has been substantiated 
according to Wegelin by Jaensch, Gunder- 
man, Wittneben, Muller and Bock. Wegelin 
stated that no athyreotic individual or 
cretin ever shows a fully normal capillary 
picture. It is die pituitary gland, being in 
a hypofunctional state in cretinism, which 
accounts for the pathological capillary find- 
ings and not tlie thyroid gland. 

An example of the influence of the pitui- 
tary gland on the capillary system is seen 
in the congenital defective condition, an- 
encephalus. It has been found that tlie pi- 
tuitary gland is defectively developed in 
that group of cases in which the anterior 
portion of the cerebrum is involved. This 
leads to the condition, apituitarism, and is 
a true congenital apituitarism. Many writ- 
ers have shown the defective develop- 
ment of the pituitarv in anencepha- 

hs.^.«.SU0.3l.32.33.4o.30 

the adrenal cortex is defectively developed 


in this condition and is secondary to the 
pituitary defect.'*'* Cushing® agreed with this 
view. He stated that nature performed for 
us a hypophysectomy in the anencephalic 
fetus witli resulting hypopituitarism asso- 
ciated with aplasia of the adrenal cortex. 

The whole vascular system as well as the 
heart is poorly developed in anencephalus 
and it is reasonable to assume that since the 
syndrome has tlie features of apituitarism 
the pituitary is also responsible for the 
vascular-cardiac underdevelopment and 
the latter is the prime cause of the hypo- 
plastic state of the viscera and stunted 
body growth. 

As is known, the pituitary influences the 
phenomenon of menstruation and it exer- 
cises control over blood vessel development 
of the myometrial endometrium mediated 
probably by the estrogenic and progesta- 
tional hormones. We know that the an- 
terior lobe initiates and maintains gonadal 
function and is a factor in inducing men- 
strual bleeding. The development of the 
capillaries in the endometrium is of great 
importance and it seems safe to say that the 
pituitary is necessary for the development 
of the endometrial capillary system. This 
would also liold true for die vascular sys- 
tem of the placenta of pregnancy. 

The assumption that die chromophil 
cells of die pituitary control die develop- 
ment of the capillaries and hemopoiesis plus 
the well known pharmocologic effect of the 
posterior lobe on the capillaries would fur- 
nish a logical explanation for die phenome- 
non of menstruation. While it is not the 
purpose of this paper to enter into a 
lengthy discussion of menstruation, never- 
theless if the principles as outlined in the 
paper are presumptively correct then there 
is a logical explanation for diis function. 

Hartman,^' in a recent review, “pre- 
sented informally what appear to be the 
more basic facts which must be considered 
in formulating a working dieory on the 
cause of menstruation.” The observations 
of Markee'*^ on die vascular phenomena 
seen in intraocular endometrial transplants 
are stressed. 



Roberta 

Hartman, basing his observations on the 
work of Markee, said: “The vascular 
changes preceding menstruation, whether 
in a normal ovulatory or an anovulatory 
cycle, or after cessation of estrogen, pro- 
gesterone or any other steroid, are prac- 
tically the same.” 

He then goes on to describe four stages of 
the vascular changes: i. Stasis, Avith or 
Avithout general Avascular dilatation in the 
transplant, occurs one to five days before 
the floAA'. This is the stage of congestion. 2. 

A constriction of the spiral arteries occurs 
four to tAA^enty-four hours before the hemor- 
rhage. The blood is thus shut off from the 
area supplied by the artery and a marked 
blanching of the field results. Necrosis of 
tlie tissues Avhich ends in sloughing is most 
probably due to the anoxia begun during 
the stage of stasis and completed AAith the 
anemia just described. This stage is aKvays 
present. 3. Hemorrhage from capillary, 
arterioles and A’^enules. 4. “-A cessation of 
bleeding takes place through the final con- 
striction of the arteriole. According to 
Daron, this constriction may occur as far 
back as the mvometrium but in Markee’s 


AJoeh lie 

^ Ir-j; 

antagonistic progesOitional hormone of the 
Corpus luteum inactiA'ates the posterior lohe 
hormone of the pituitary permitting the 
secretory phase of the endometrium to tie- 
A elop Avith its A’ascular Saviss cheese pattern 
of spiral capillaries. Howe\*er, if gestation 
does not take place then the posterior lobe 
secretion, near the end of the menstrua! 
cycle, probably a fcAv hours before the flow, 
overcomes the decreased corpus luteum se- 
cretion, and constriction of the arteries 
occurs. It is of course Avell knoAvn that the 
corpus luteum degenerates towards the end 
of the menstrual cycle and, furthermore, 
the antagonistic action of the progesterone 
and posterior pituitary secretions is well 
knoAAm. 

I'hus both the anterior and the posterior 
lobes of the pituitary Avith their respective 
actions play a major role in the phenome- 
non of menstruation. 

Certain facts indicate that the eosinophil 
cell of the pituitary is responsible for the 
AMscular system development Avhereas the 
basophil cell produces hemopoiesis through 
stimulation of the rcticulo-cndothelial sys- 
tem. There is a close relationship befAceen 


experiments endometrium only aa^is trans- 
planted. Markee’s chief contribution cen- 
ters about the phenomenon of regression. 
It is the common denominator of menstrual 
bleeding from cA'ery type of endometrium. 
ObserAong it in the ocular transplant it is 
possible to predict the approximate hour of 
uterine bleeding.”^' 

He is of the opinion that an cxtragonadal 
influence on rhythms in the female genital 
tract seems certain. “To discover Avhat this 


influence is (adrenal? posterior pituitary.') 
mav cA’entually be of real significance for 
the explanation and control of uterine pa- 


thology.” 

One could readily postulate that the an- 
terior lobe of the pituitary Avitit its eosino- 
phil and basophil cells produced the tleA-el- 
onment of the enilornetrial capiliancs and 
the blood, mediated by the estrogenic ovar- 
ian hormone of the ovary and the ch.-umo. 
phi! cells of the pituit.'iry. Hum arouna tnc 
fourteenth day the menstrua! cycle the 


the chromopliil cells as avcH as the adeno- 
mas formed from these elements. I heir 
juxtaposition anatomically is also sliown 
in their physiological relationships. I he 
eosinophil adenoma produces gigantism or 
acromegaly and the basophil adenoma, 
basophilism or Cushing’s syndrome. In both 
conditions there arc found, as a rule, the 
folloAving: 

1. Osteoporosis. 

2. Hypertension. 

3. I-jA‘j)erglyccmia, glycosuria, or a less, 
ened glucose tolerance, 

4. I-irythrcmia or a tendency m poly, 
cythemia. 

c. .Amenorrhea in the female ar.d im- 
pfjtcncy in the male. 

6. W eakness and of farigne. 


7. Hirsutism. 

The efxinophil cell jvodinc’- vri 
the IhkIa by its alnlit)' toiievch'P tin: 
larsA'srcm. If is true tben if be.: 
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velopment of tliis system is essential for 
growtli, otlierwise the nutritive elements of 
die blood would not be delivered to the 
protoplasm of tlie cell. The very size of tlte 
tissues indicates that tliere is an increased 
development of tlie vascular system in 
acromegaly and gigantism and this has 
been demonstrated in tliese conditions. At 
least two essential factors for growtli are 
produced by tlie pituitary, the vascular sys- 
tem and tlie blood. Growth is accomplished 
by the hormones of the pituitary which 
bring about the formation of tlie vascular 
system and the blood forming elements. 
Thus one could understand tlie far reaching 
effects of the pituitary gland so tliat by tlie 
formation of these basic elements its effects 
are felt in all parts of die body. Its euphoni- 
ous title, “leader of the endocrine or- 
chestra,” is well chosen. 

As justification for die view diat die pi- 
tuitary is a major factor in the development 
of the vascular and hemopoietic systems, 
further data are herewidi submitted: 

In renal rickets or renal dwarfism, pitui- 
tary defects with diabetes insipidus are one 
of the most frequent findings. Bader® 
showed that there is defective development of 
the systejuic hlood vessels as zvell as of the 
renal glomeruli. Congenital lesions of die 
heart are common as is cardiac hypertrophy 
associated widi degenerative myocardial 
muscular changes. Mitchelh® found cardiac 
enlargement in 46 out of 78 cases of renal 
dwarfism. Amenorrhea, imperfect develop- 
ment of genitalia and breasts is a frequent 
finding. Of 78 cases reviewed by Mitchell, 
64 had polyuria. Secondary anemia was 
present in all cases. The latter finding and 
die defective development of the systemic 
blood vessels help in a large measure to ex- 
plain the dwarfism. In view of the pituitary 
defect, it is a natural assumption that diis 
gland is responsible, among other things, 
for die defective vascular system develop- 
ment as well as for the anemia. 

Moehlig and Bates'^' reviewed the litera- 
ture on the influence of die pituitary on 
erydirocyte formation. It was concluded 
that the pituitary has a very important 


influence on erythrocyte formation. Pri- 
mary disease of the suprarenal cortex re- 
sults in secondary pituitary changes dius 
accounting for many signs and symptoms 
erroneously ascribed to die suprarenal cor- 
tex. The specific and selective embryohor- 
monic relations of the pituitary gland to 
mesodermal tissues is a reasonable ex- 
planation for the polymorphic signs and 
symptoms of pituitary disturbances.” 

We showed by experimental work on 
dogs that bilateral adrenalectomy produces 
soon after this operation a pronounced in- 
crease of the pituitary basophil cells asso- 
ciated with polycydiemia. Our findings are 
similar to those of others while another 
group reported hypoplasia of the pituitary 
after this operation (literature by Herrick 
and Finerty,^® Moehlig and Bates'*'). Re- 
cently White and Dougherty®® found diat 
continued daily injections of adrenotrophic 
hormone into mice resulted in an increase 
in hemoglobin and red cells, an absolute 
lymphopenia and an increase in polymor- 
phonuclear leukocytes. By means of its 
trophic influence on the adrenal cortex, 
pituitary adrenotrophic hormone maintains 
a physiological control over the numbers of 
circulating erythrocytes and lymphocytes. 
One may also assume that the hormone 
stimulates the whole reticulo-endotlielial 
system, including tlie bone marrow, such as 
is seen in the case reported with adrenal 
cortex tumor and pituitary basophilism. 
These authors cite tlie work of others show- 
ing the influence of the pituitary on erythro- 
cyte formation. 

In Addison’s disease, in which there is a 
more or less gradual loss of adrenal tissue 
and function, the pituitary is found to be 
in a degenerative state. 

Poos,®® in a large series of experiments 
using various animals, showed that the 
pituitary reacts qualitatively in die same 
way when other glands of internal secretion 
are disturbed by experimental attack. The 
quantitative differences are dependent upon 
die severity of the endocrine changes pro- 
duced and secondarily, upon the length of 
the experiment. He differentiated four 
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stages of reaction processes affecting the 
pituitary after adrenalectomy: (i) the 
stage of increased physiologic reaction; 
(2) the stage of pituitary hydrops; (3) the 
s.tage of degeneration; (4) the stage of 
pigment formation. Much, therefore, de- 
pends upon the stage when the pituitary 
is examined after adrenalectomy. If ex- 
amined soon after operation the gland 
will be found in the stage of increased 
physiologic reaction, whereas in later de- 
velopment it will show the stage of degen- 
eration. Thus one can reconcile the opposite 
views of the two groups. 

Infantilism is usually associated Avith a 
pituitary disturbance and, as Wolf®* said, 
all cases of infantilism have some degree of 
pituitary involvement, whatever the ul- 
terior cause of the retardation may be. The 
tissues are usually poorly developed, show- 
ing itself in an infantile type of heart and 
narrowness of the circulatory system. It is 
evident that a normal or near normal de- 
velopment of this system is essential to 
growth. 

As previously stated, it seems quite 
likely ^at the cliromophil cells of the pitu- 
itary, the eosinophil and basophil, are 
synergistic in action and the adenomas of 
these cells have certain symptoms and 
findings in common. Both types have the 
ability to produce an increased blood vol- 
ume and hemopoiesis but only the eosino- 
phil hypei-plasia or adenoma causes bodily 
overgrowth such as acromegaly and gigan- 
tism. It is a foregone conclusion, however, 
if the hypothesis is correct, that the baso- 
phil cells participate in these diseases in 
order to bring about hemopoiesis. The in- 
crease in size of an extremity by vascular 
formation and an increased oxygen satura- 
tion above normal are seen in arteriovenous 
fistula. This is supportive evidence that 
groAVth as seen in pituitary overactnit} is 
produced in this manner. The growth of 
youthful individuals suffering from hyper- 
thyroidism is well known. Holmgren,^-' for 
instance, showed that these patients grew 
faster than normal, that is attain their 
adult growth faster than normal. I he 
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height they reach is, of course, dependent 
to a great extent upon hereditary and con- 
stitutional factors. In hyperthyroidism the 
circulating blood volume is much increased 
and the oxygen consumption is greater than 
normal as shmvn by the increased meta- 
bolic^ rate. The vascular system of the 
growing indirddual increases in extent- 
The state of the pituitary in hyperthy- 
roidism has been reviewed elsewhere and 
the majority opinion seems to be that in 
this disease the pituitary is overactir'e; 
hyperemia of this gland is usually present.^^ 

^ That there is an increased functional ac- 
tivity of the neighboring hypothalamic 
s ntost hkel\ in Anew of the symptoms 
seen in hyperthyroidism. Another disease 
showing the pituitary-A'-ascular-hemopoietic 
system relationship is hypertrophic pul- 
monary osteoartJiropathy. Changes in the 
pituitary haA’-e been described in this dis- 
ease, Fried,’- for instance, reported 4 cases 
of pulmonary osteoarthropathy associated 
Avith bronchiogenic cancer in Avhich CAn- 
dence Avas presented to sIioaa' that the con- 
dition is, in all likelihood, caused by an 
endocrine imbalance (dyspituitarism). All 
4 patients had bronchiogenic cancer and 
symptoms of acromegaly. Three came to 
autopsy and rcA^ealecI liyperplasia of the 
eosinophil cells of the pituitary, 'fhe fourth 
case Avas not autopsied but had acromegaly. 

It Avas shoAvn b}^ the sequence of events 
in the history and findings that the bron- 
chiogenic cancer antedated the acromegaly 
for as Fried .said “apparently the osteo- 
arthropathy reached considerable dimen- 
sions Avhen the neoplasm Avas still small.’’ It 
is reasonable to suppose that the pituitary 
eosinophil cell hyperplasia was secondary 
to the bronchiogenic cancer and the former 
caused the osteoarthropathy and acro- 
megaly. 

Fried dismissed the theory that a toxin 
causes the glandular changes in osteo- 
arthropathy. ^Locke,"’ in an extensive re- 
view of chronic pulmonary hypertrophic 
osteoarthropathy, found that acromegaly is 
so closely related to the former condition 
that some authors, Avhose cases Avere rc- 
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viewed, reported them to, be pulmonary 
osteoartliropatliy. He was of tlie opinion 
that tire changes in tire skeleton in a well 
developed case of secondary hypertrophic 
osteoarthropathy are seldom confined to 
the bones of the forearm, hands, lower legs 
and feet as so often described. He sug- 
gested that the bone changes were similar 
or identical witlr the appearances of acro- 
megaly. He showed that the bone changes 
were not confined to the diaphyses, but all 
well established cases showed a very marked 
new formation of bone in the epiphyseal 
portion. The marrow showed various 
changes and was often embryonic. This is 
like ^e change seen in polycytJiemia asso- 
ciated witlr an adrenal cortex tumor and 



Fig. 1 . Roentgenogram of chest showing infiltrative 
lesion of right lung producing clubbing of fingers. 
(Chronic pulmonary osteoarthropathy.) 


lung metastases. The periosteum is tlrick 
and vascular. The tissues are tlrickened and 
the capillaries are dilated. Illustrative of 
these findings is the following brief sum- 
mary of a case.*t 

* I wsh to thank Dr. Louis Carbone for permission to report 
this case. 

t This patient has since died and the postmortem showed a 
bronchiogenic carcinoma. Unfortunately permission for post- 
mortem of the head could not be obtain^. 



Fig. 3. Clubbing of the fingers. The enlargement of 
the third finger distal phalanx is due to trauma 
and clubbing. 


An Italian laborer, aged sixty-one, was seen 
on April 26, 1945, with dyspnea, cough, and 
swelling of the fingers and toes. Symptoms were 
of four months’ duration. Roentgenograms of 
the chest revealed an infiltrative type of lesion 
in the area of the right lobe (Fig. 2). The lesion 
had been increasing in size and a biopsy ob- 
tained by bronchoscopy showed merely chronic 
inflammatory changes. Clubbing of the fingers 
was present. The third finger of the right hand 
showed a marked enlargement of the distal 
phalanx due to an old injury as well as to the 
clubbing (Fig. 3). The toes also showed clubbing 
but to a lesser degree. The femur, tibia and 
fibula showed marked proliferative changes of 
the periosteum (Fig. 4 and 5). The hemoglobin 
was 82 per cent (Sahli) and the red cell count 
was 4,080,000 and the leukocyte count 11,000. 
The glucose tolerance test was: fasting sugar 
103 mg. per 100 cc.; f hour — 180 mg.; i| hour — 
185 mg.; 2| hour — 180 mg. The disease is a 
progressive one and we feel certain that it is due 
to a neoplasm of the lung despite the unsatis- 
factory biopsy report. 

This case illustrates the marked club- 
bing of the fingers and toes characteristic 
of chronic pulmonary osteoartliropathy due 
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Fig. 4. Bony overgrowth of femur, tibia and fibula. 
Sclerosis of patella is well shown, (Chronic pul- 
monary osteoarthropathy.) 


Locke^® reported a case with hyperplasia 
of the pituitary chromophil cells associated 
with primary carcinoma of the lung. Benda® 
reported an interesting case that had hy- 
perplasia of the pituitary basophil cells and 
a diminution of the eosinophils. He termed 
his case “pseudo-acromegaly.” This is of 
interest in that we usually find eosinophil 
cell hyperplasia or adenoma formation in 
association with acromegaly or the acromeg- 
aloid findings of pulmonary osteoarthrop- 
athy. It has been stated that the chro- 
mophil cells must be closely related 
physiologically and chemically, and their 
anatomical juxtaposition make this seem 
likely. The chromophobe cells are supposed 
to be the mother cells of the chromophil 
cells. 

Since hyperplasia of the pituitary chro- 
mophil cells is associated with primary 
carcinoma of the lung, it is of interest that 
the pituitary shows histological changes in 
cancerous patients. HoussayJ’"^' stated 
that there has been found an increase in 
the principal cells, increase or decrease or 


to a lesion of the lung, apparently a car- 
cinoma. The marked proliferation of the 
periosteum of the long bones is an out- 
standing feature of the roentgenograms. 
As has been shown, the thickened peri- 
osteum is very vascular with dilated capil- 
laries and is strong supportive evidence 
tliat the chromophil hyperplasia ot the 
pituitary is responsible for these changes. 
The lessened glucose tolerance is also 
probably due to the same pituitary changes. 
^ Eosinophil cell hyperplasia of the pitui- 
tary would, as postulated in the article, be 
responsible for the vascular changes. As 
shown, these cells are most frequently h>- 
perplastic in chronic pulmonary osteo- 
Lthropathy but the basophils no doubt 

nlso participate in the disease. 

m close association between acromeg- 
aly and hypertrophic pulmonary osteo- 
arthropathy Ls been recognized for many 
arthiopain) ^ th,s relationship 

years. Field - .lolly,- 

and Thai/'’ are just a few who 

have reported on this assocat, on. 





,c. <. Antcrolwstcrior viuw 
fibula showing bony overgrowt 1 asso 
chronic pulmonary osteoarthropath>. 
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the basophils, increase in tl\e weight of die 
gland and in the number of eosinophils, 
signs of hyperacthdty of the anterior lobe, 
and hypoactivity of the posterior. In rats 
with subcutaneous implantation of tumors, 
there is an increase and vacuolization of 
the basophil cells of tlie pituitary, with 
enlargement of their Golgi apparatus. The 
changes are similar to those produced by 
castration; although the sexual cycle is not 
aftected. If these pituitary glands are then 
implanted into immature rats, it can be 
demonstrated that they have an increased 
gonadotrophic activity. If tlie cancerous 
implantation is made into the uterus there 
is a larger increase of the eosinophil cells 
of tlie pituitary and less of the basophiles 
and the pituitary appears like that of preg- 
nancy or after tlie injection of estrin.” 

Kraus®^ described the hyperplastic 
changes in the pituitary in various diseases, 
such as in athyreosis and hypo thy reosls. 
In these diseases he described a special cell 
which he termed “Kraus’ thyroprival cell.” 
With reference to the changes in the 
pituitary in malignancy he also described 
hyperplastic changes. He stated that both 
carcinoma and sarcoma produced hyper- 
plastic changes in the anterior lobe. How- 
ever, the reports in the literature are not 
all uniform. Kraus explained the differ- 
ences as follows: “The dependence of the 
cytological picture in the anterior lobe upon 
various factors, such as age, state of gonads, 
obesity, contracted kidneys, hi-per tension, 
etc., makes it conceivable that in cases of 
carcinoma or sarcoma these factors may 
influence the changes produced by the 
malignant tumor.” 

These findings in cancerous patients are 
of great significance. It would seem, tliere- 
fore, that tlie pituitary changes are not 
specific for cancer of tlie lung. However, 
there is no discounting the fact that in pul- 
monary osteoartliropathy witliout cancer 
of the lung tliere are pituitary changes. One 
is forced to die conclusion that primary 
lung changes result in secondary pituitary 
chromophil cell hyperplasia. 

The possibility exists diat a neoplasm of 


the lung activates die chromophil cells by 
two methods: first, as we have seen, the 
presence of cancer results in chromophil 
changes in die pituitary and second, its 
location in the lung induces further activa- 
tion of these cells. The fact that the bone 
changes in pulmonary osteoarthropathy 
are like diose found in acromegaly lends sup- 
port to the view that the pituitary is re- 
sponsible for the osseous changes. Other 
lung and cardiac conditions produce club- 
bing of fingers and toes but there is no 
acromegaly or polycydiemia. Particularly 
does bronchiectasis produce clubbing. This 
is probably circulatory in origin with stasis 
in the periphery like that seen in arterio- 
venous fistula. 

The osseous changes in the fingers as 
seen in pulmonary osteoarthropathy again 
indicate that an increased blood supply is 
responsible for die bony overgrowth. One 
can hardly escape the conclusion that the 
increased blood supply to die tissues in- 
duced by pituitary-eosinophil hyperplasia 
or adenoma formation is the direct cause of 
acromegaly and gigantism with die clinical 
manifestation of osseous and visceral over- 
growth. 

It seems likely that the capillary system 
and the hemopoietic system with the vary- 
ing rate of oxygenation in these systems as 
well as the speed of the circulating blood 
volume will affect die development and 
function of all the endocrine glands. Such 
an effect readily explains why the term 
“master gland” is applied to the pituitary. 

The close relationship existing between 
the pituitary and the vascular hemopoietic 
system is further illustrated by the pharma- 
cological effect of die posterior pituitary 
lobe extract on certain mesodermal deriva- 
tives. These are: a vasoconstrictor effect on 
the capillary vascular systems; an anti- 
diuretic effect on the renal tubules and 
glomeruli; a stimulating effect on die pig- 
ment cells .of the frog; a constricting effect 
on die smooth muscles such as die uterus, 
intestines and bladder. 

That the posterior lobe maintains capil- 
lary tone is shown by the work of Krogh.^® 
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This investigator found that a few hours 
after complete extiipation of die pituitary 
m the toad, the capillaries and arterioles of 
the skin became dilated. Injection or per- 
fusion of posterior lobe extract (pituitrin) 
even in doses of 1:1,000,000 re-established 
tlie capillary tone. Larger doses produced 
a contraction of the arterioles as well. 
From tliese facts he concluded that the 
pituitary, by means of a hormone, had a 
continuous action of the tone of the capil- 
laries. 

It would seem, therefore, that the data 
support the contention that the pituitary 
gland as a whole is important to the vas- 
cular system. 

As is known, the anterior lobe produces 
changes in the adrenal cortex but the pos- 
terior lobe also does so. Osius and F® in- 
jected rabbits with posterior lobe extract 
(pituitrin) for one hundred days. The aver- 
age adrenal weights of the normal control 
rabbits was 278 mg. while that of the in- 
jected group was 415 mg. The microscopic 
examination revealed that the increase of 
the adrenals was confined to the cortex. In 
addition to this, we produced arterio- 
sclerotic changes in rabbits’ arteries by 
injecting posterior lobe extract and feeding 
large doses of cholesterol containing sub- 
stances (lanolin and cotton seed oil). 

Hypophysectomy in rats having mam- 
mary gland carcinoma resulted in slowing 
the rate of growth of tlie transplants in 
hypopbysectomized rats. These findings 
suggest that the tumors growing in the 
hypophysectomized rats were less ade- 
quately vascularized than those growing 
in normal rats (literature by Van Dyke®^*). 
The lessening of the vascularization bears 
out the opinion that growth is dependent 
upon a normal pituitary maintaining a 
normal blood supply. Naturally, growth is 
slowed b)^ this process. It is an incontest- 
able fact that no matter how adequate the 
diet may be in hypophysectomized animals, 
they will not grow unless growtli promoting 
hormone is also administered. It is of some 
significance that there is an increased 
amount of water in the animals receiving 
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growth extract. This, as well as an increase 
m the protein or total nitrogen in the tis- 
sues of animals injected with growth ex- 
tract, indicates that tliese elements are 
necessary for growth. It has also been 
shown tliat tumor growth parallels body 
growth to some extent (Van Dyke). 

From tlie known facts that a cancer pro- 
duces hypei-plastic changes in the pituitary 
and that pulmonary osteoarthropathy is 
also associated with similar pituitary 
changes certain suggestive speculations are 
permissible. For instance, one might be 
tempted to suggest that an embryonic type 
of tissue in the lung, such as a cancer, might 
produce a reaction in the pituitary. This 
would, of course, be specific for lung tissue, 
but the disease, pulmonary osteoarthrop- 
athy, is also associated with chronic puru- 
lent conditions of the lungs. Is the location 
of the neoplasm in the lung or the chronic 
purulent condition of the lung (even thougli 
involving a small amount of pulmonary tis- 
sue) sufficient to stimulate tlie pituitary 
changes? Is there enough change in the 
lung to interfere with the vital function of 
oxygenation? From the size of the lesions 
the latter would hardly be the answer. One 
may ask another question, does the growing 
neoplasm or the purulent lung disease 
cause an inflammatory reaction that calls 
for vascularization, oxygenation, and he- 
mopoiesis and this process in turn result 
in a compensatory hyperplasia of the pitui- 
tary cells? This seems to be the logical 
explanation. The pituitary stimulates the 
development of the lung tissue. Not only 
do we see this in the human suffering from 
acromegaly and gigantism but it is also 
seen in the animal made acromegalic by 
crude pituitary beef extract as shown by 
Putnam, Benedict and Teel."' Jheirrepoir 
on the lungs follows: 'The lungs were en- 
gorged, pui-ple and soft, but not crepitant; 
they sank in water. Pink foam could he 
squeezed from the bronchi and from ihecu 
surface. In the control animal, the lungs 
were pink, dry and crepitant. There were 
no areas of consolidation m either animal. 
In tlie experimental animal, the iimg.T 
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weighed <45 gm.; in the control animal, 160 
gm. 

The microscopic report on the lungs read: 
“There was a congestive edema of the lungs 
of the treated animal. Most of the alveoli 
were filled with an amorphous protein pre- 
cipitate containing a few red cells. A few 
were distended witli air. There was no 
bronchitis, and no purulent or fibrinous 
inflammation. The capillaries were con- 
gested. By comparison the normal lung 
appeared particularly empty and delicate. 
There was no striking difference in the 
general size of the alveoli between the two 
lungs.” They went on to say, “The factor 
of long-standing congestion must be taken 
into account in some of these organs, par- 
ticularly the lungs, which were edematous, 
hit obviously cannot explain the full extent 
of the changes. Of interest is tlie fact that 
there was great engorgement of vessels 
everywhere in the experimental dog. The 
weight of the heart was double that of the 
control dog.” 

Stockard and Vicari®^ studied the pitui- 
tary glands from 8 male and 6 female bull- 
dogs. Microscopically, while they were not 
uniformly alike in detail, their general 
qualities were closely similar. The features 
were constant enough to enable one to dis- 
tinguish the bulldog pituitary from that of 
the long muzzled breeds. The chromophilic 
proportions of high acidophilic and low 
basophilic cells were characteristic of the 
bulldog gland. There 'were more than thirty 
acidophilic cells to one basophilic. 

Stockard and Johnson®® in studying dogs, 
crossed various species, said that, “The one 
character common to all these breeds and 
hybrids in which structural misfits occur is 
an abnormality of the pituitary gland. Such 
an array of growth disharmonies in asso- 
ciation with pituitary abnormality makes 
it seem highly probable that the pituitary 
secretions are largely concerned with the 
normal regulation and adjustment of growth 
among the organ systems and bodily parts. 
It should be remembered that many of 
these disharmonious arrangements are 
strictly inherited in very definite fashion. 


This fact may mean that tlie related pecu- 
liarity of the pituitary is the primarily in- 
herited character, while the structural 
derangements are secondary results due to 
tlie failure in harmonious growth regulation 
by the genetically modified pituitary 
gland.” It would seem most likely, ^er_e- 
fore, that the inheritance factors carried in 
the genes would determine how a particular 
tissue or organ would develop in the uterus 
and post-fetal life, reacting to the pituitary 
secretion according to this inheritance 
factor. Thus one can understand the some- 
what varying clinical picture seen at times 
in acromegaly and gigantism as well as in 
otlier pituitary diseases. 

As Kenyon®® said, while much is known 
of the pituitary relationship to the adrenal 
cortex, the reverse, that is, adrenal cortex 
changes followed by pituitary changes, is 
not. Some of the data relative to this have 
been given. That an adrenal cortex tumor 
witli metastases to the lung may result in 
pituitary changes is shown in a brief sum- 
mary of a case previously reported;^’' 

A white laborer, aged sixty-three, had a left 
inguinal hernia repaired and a left hydrocele 
excised. A month later he returned complaining 
of vomiting and loss of weight. A hard irregular 
mass about 7 cm. in diameter, extending down- 
ward from the left costal margin, was present. 
Roentgenograms of the lungs showed evidence 
of pulmonary metastases. 

The average values found in the patient’s 
blood may be summarized as follows: red blood 
cells, 8,194,000; hemoglobin, 153 per cent; 
reticulocytes, 1.3 per cent; polymorphonuclears, 
95 per cent; lymphocytes, 5 per cent, and white 
blood cells, 8,000. 

At postmortem examination a large invasive 
tumor of the left kidney was found. This had 
metastasized to the lungs. Microscopically, the 
tumor was found to be a malignant angiomeso- 
thelioma with large pale staining cells. The 
structure was different from the ordinary type 
of Grawitz tumor and in some areas was 
markedly reminiscent of decidual tissue. The 
pituitary was not remarkable grossly but micro- 
scopically showed marked hypertrophy and 
hyperplasia of the basophil elements. The bone 
marrow showed marked myeloid hyperplasia 
throughout the marrow space. 
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Fig. 6. Massive portal thrombosis associated with 
polycythemia. 


The embryonic type of tumor resembling 
decidual tissue, involving the adrenal cortex 
and metastasizing to the lungs, produced a 
pituitary basophil hyperplasia and a resulting 
polycythemia vera and a marked hyperhemo- 


globinemia. 

Another case observed at Harper Hos- 
pital of polycythemia vera with pituitary 
basophil hyperplasia is reported, as follows: 

M. S., white male, aged forty-five; height, 
74 inches; weight, 220 pounds. Complained on 
admission to the hospital, January I 945 > ° 
pruritus ani and rectal bleeding for one year. 
Treated for peptic ulcer four years ago. For the 
past eight months numbness and tmglmg of the 
feft calf while sitting. Gave ten blood trans- 
fusion donations to the Red Cross More 
hemorrhoidectomy. Important ^ 

time were: hemoglobin, 107 per cent; er> thro- 
'n« r,aoo,coo; leukocytes. 10 900; d.ffcrent.al 

cLnt, normal. Had a 'cheumaSl 

surectomy, sphincterotomy, and creuma 


neurotomy and was discharged on January lo, 
I 945 > Re-admitted January 17 for sudden severe 
lower abdominal pain. Patient was cold, 
clammy and in a state of collapse. The hemo- 
globin was 136 per cent, red blood cells 7,000,- 
000, white blood cells 25,800, 86 per cent poly- 
morphonuclears; nitrogen 77 mg. per 100 cc, of 
blood, icteric index ii, total protein 6.2. The 
abdominal distention became marked with some 
rigidity; the liver was palpable. He passed 
blood clots in the urine and he became cyanotic, 
irrational and died on January 25, 1945. Post- 
mortem : The important findings on postmortem 
examination were a massive portal thrombosis 
(Fig. 6), thrombosis of the splenic vein (Fig. 7), 
and basophilia of the pituitary gland (Fig. 8). 
This relationship of the pituitary basophilia to 
the polycythemia is of importance and is further 
evidence that the basophil cell is related to 
erythropoiesis. 

Adams and his associates^ reported a 
case of hemangioma of the lung, with club- 
bing of the fingers and toes and generalized 



Fig 7. Thrombosis of the splenic vein associ.itc 
Tvith polycythemm. 
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cyanosis. The roentgenogram of tlie chest 
revealed a large, irregularly shaped, cir- 
cunscribed opacity in the left lung and a 
small one in the right lung. There were as- 
sociated compensatory polyemia, poly- 
cythemia and hyperhemoglobinemia. The 
authors said that on tlie basis of the patho- 
logic picture the lesions are really arterio- 
venous aneurysms or fistulas. The pulmo- 
nary lesion produced a great compensatory 
change in the quality and tlie quantity of 
the blood. Polycythemia (7,0,00,000 red 
cells) was present before the operation and 
was reduced by this procedure. The micro- 
scopic study of tlie specimen removed from 
the lung revealed pulmonary tissue sur- 
rounding the tliree separate mesothelial 
lined cavities found in tlie left lung. The 
writers stated tliat the condition in others 
has probably gone undiagnosed and has 
been treated as polycythemia vera. 

In view of tlie relationship of the pitui- 
tary to blood formation, the vascular 
system, and oxygenation, it is unfortunate 
that studies of tlie pituitary are not in- 
cluded as a routine in conditions involving 
tliese functions. 

A close relationship exists between the 
lung with its capillary surface area, oxygen- 
ation, circulating blood volume, volume of 
respiratory exchange and the functions of 
the pituitary gland. Certain it is that if this 
gland is concerned with the formation of 
capillaries and tlie circulatory system and 
with hemopoiesis, tlien tliere must be an 
unquestioned interrelationship between 
lung function and the pituitary. 

The proved fact tliat the pituitary is 
concerned witli water exchange in the kid- 
neys immediately suggests in view of tlie 
foregoing tliat it is also concerned with tlie 
insensible water loss of the lungs brought 
about by tlie water discharged through 
tliese organs. Respiration, as we know, in- 
volves a continuous loss of water from the 
body and as physiologists have shown tlie 
amount lost varies directly witli tlie differ- 
ence in temperature between the subject 
and his environmental air and inversely as 
the vapor pressure of tlie latter. 


We are also acquainted with the fact 
tliat temperature regulation is a function of 
tlie hypothalamus, demonstrating the close 
physiological connection between the pitui- 
tary and hypothalamic functions. 

The recent work on thiouracil and its 
effect on the thyroid and pituitary glands 
is of interest in the present discussion of 
growth. Griesbach^® showed that rats 
treated with brassica seeds had changes in 
the pituitary consisting of a rapid increase 
in the basophilic cells and a decrease in the 



Fig. 8 . Basophilia of the pituitary gland associated 
with polycythemia. 

acidophilic. No goitrogenic effect was seen 
in rats previously subjected to hypophy- 
sectoniy. He stated that this indicates that 
in order “to produce thyroid hyperplasia 
it requires the mediation of the thyrotropic 
hormone of the pituitary.” The rate of 
growth was inhibited when young animals 
are fed thiouracil, thiourea and sulfona- 
mide compounds. This is readily under- 
stood since the eosinophil cells are reduced 
in number. Furthermore, tliiouracil inhib- 
its the growth-promoting effects of anterior 
pituitary growth hormone injected into 
rats. Cretinism is produced in these animals 
by thiourea and thiouracil (Hughes-®). The 
thyroid glands of the animals so treated 
show within a few days a distinct enlarge- 
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merit. Astwood and Bissell^ found tJiat 
seventy-two hours after thiouracil therapy 
was begun on rats there was a 6o per cent 
increase in weight of the thyroid gland. The 
enlarged thyroid glands were vascular, the 
cells being tall and columnar with a reduc- 
tion in the colloid. 

Sulfonamide compounds and thiourea 
produced changes in the pituitary gland. 
These were degranulation and decrease in 
number of acidophil vacuolation and in- 
crease in number and size of the basophils 
(MacKenzie and MacKenzie^"). The effects 
were similar to those seen after thyroid- 
ectomy. It is interesting in this connection 
that Poos’ experiments indicate that no 
matter which endocrine gland is removed 
the pituitary goes through four stages of 
reaction and if these changes are similar to 
those following tln'roidectomy then one 
can understand that increased vascularity 
would be the result of the initial stage of 
physiological overactivity of the pituitary 
gland followed by the stage of degeneration. 
The increase in acidophils would account 
for the stage of increased vascularity. 

If the eosinophil and basophil cells are 
reduced in function then it is readily under- 
stood why growth is inhibited and anemia 
of a severe degree may ensue eA^en to the 
extent of agranulocytosis. No doubt the 
whole reticulo-endothelial system is de- 
pressed. 

It is of interest and pertinent to the pres- 
ent discussion that Schittenhelm and 
Eisler^""^® found that there was a local in- 
crease of thyroxin-iodine in the interbrain 
bv the experimental exhibition of this latter 
substance when gWen to rabbits. These 
investigators injected rabbits intravenously 
for ten days; a daily dose of thyroxin equal 
to I mu. per kg. of body weight was given. 
The thyroxin had a selective action for the 
interbrain. 

Sturm and Schnecberg'’'' found after a 
sinule intravenous injection of thyroid and 
iodine fccdinu of rabbits values in the tuijcr 
cincrum of 260 gamma and gamma of 
iodine and in the jhtuitary between 700 and 
2,4CO gamma of iodine. According to I.ohr 
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and Wilmanns^® the various sections of the 
brain contain normally between 5 and 
gamma of iodine. 1 he human pituitary con- 
tains 60 gainma of iodine. I’his was tlic 
average of 24 pituitary glands. The highest 
t^alues are, therefore, found in the pituitary 
and this coupled with the fact that pitui- 
tary tissue was the most active one in de- 
stroying thiouracil points to a certain com- 
mon denominator in achieving benefits in 
thyroid disease when these drugs are ad- 
ministered. 

Some of the benefits obtained by iodine 
are unquestionably due to its central ac- 
tion. 

It is certain that many symptoms of 
thyrotoxicosis are due to central nerv'ous 
system involvement. The benefits of iodine 
administration in this disease may there- 
fore be similar to thiouracil in its action on 
the pituitary and interbrain. 

The lessened response to thiouracil in 
patients who have received iodine may 
have an explanation in that the iodine is 
probably not .so easily displaced in tlic 
pituitary and interbrain because of the 
affinity of these for iodine and the thioii- 
racil by-passes the pituitary. In other 
words, there is a chemical affinity of tlie 
iodine for pituitary tissue. 

Gordon, Goldsmith and Cliaripper” 
showed that feeding of thiourea or sulfa- 
diazine to rats for fourteen or forty-five 
days caused a diminution in the quantity 
of thyroid-stimulating factor in the blood 
sera and pituitary glands as judged by the 
effects of such materials on the rate nt 
metamorphosis of Rand pipicns larvae. 
Rats six months after thyroidectomy pos- 
sess increased amounts of thyrotroj)}iic hor- 
mone in their blood sera and hypoph)se->. 
The almve autiiors conclude that, thpc 
materials depress the formation of active 
thyroid principle and cause an iruTca'-ea 
release of thyroirophin from the pituitary 
into the blood, where, lunveecr, it appear.- 
in reduced amount because of us removAi 
and increased utilization by tlie enbrpjna 
thvroid uland. 

kaAvson, Tannhcimcr .'md 1 c.'iCf.vK 
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found that the average uptake of radio- 
active iodine by the control rat thyroids 
was 56 per cent of tlie administered tracer 
dose, that by thyroids of thiocyanate 
treated rats, 87 per cent and that by thiou- 
racil treated rats, 10 per cent. These writers 
state that “it appears then that at least one 
action of this drug [tliiouracil] on tlie func- 
tion of the thyroid is to interfere with the 
iodinization of tlie thyroglobulin molecule, 
tlius preventing the elaboration of any 
physiologically active hormone.” 

Astwood and Bissell- found tliat tlie ad- 
ministration of thiouracil to young rats was 
followed by a nearly complete disappear- 
ance of iodine from the thyroid glands in 
five days and a threefold increase in the 
size of tlie glands in two weeks. These ef- 
fects were inhibited by hypophysectomy or 
by the injection of thyroxin. Injections of 
thyroxin or removal of the pituitary mark- 
edly retarded the accumulation of iodine. 

Of importance are the anatomical effects 
of thiouracil. Williams, Weinglass, Bissell 
and Peters'^' studied the anatomical effects 
of thiouracil on rats and found among other 
things that thiouracil caused a distinct 
retardation in the rate of growth. It also 
tends to abolish the effects of growth hor- 
mone. The pituitary, adrenals and gonads 
of thiouracil treated animals were smaller 
than those of the siblings. A few animals 
showed a distinct leukopenia and anemia. 
Six patients who were given thiouracil for 
six to twenty-eight days preceding death 
were not found on postmortem examina- 
tion to show any gross or microscopic ef- 
fects of this drug. 

To be valid, however, it would be neces- 
sary to study the pituitary glands of ani- 
mals iiaving agranulocytosis, but even in 
these rats the pituitaries were smaller and 
no doubt had a reduced function. As noted, 
some showed leukopenia and anemia. 

Concerning the 6 human subjects, only 
0.6 gm. daily was given for too short a time 
to draw any conclusions. The study of the 
pituitary gland in fatal agranulocytosis is 
necessary. 

Certain immune mechanisms can be 


postulated as being at work. If the pitui- 
tary has a hemopoietic function, then 
whenever fever is present such as seen in 
infectious processes it is reasonable to 
assume that the latter sets the hypotlia- 
lamic-pituitary mechanism in motion with 
resulting increased circulating blood vol- 
ume, oxygenation and hemopoiesis includ- 
ing leukocytosis. It will be remembered 
that in Cushing’s syndrome leukocytosis is 
present without infection, showing that tlie 
basophil cells play a part in the immune 
mechanism of the body. 

One can also understand why severe or 
long standing infections by their toxemia 
may depress the pituitary function and lead 
to severe anemia and death. 

Kraus and Traube®^ found tlie number of 
basophil cells reduced in individuals with 
asthenic habitus such as in tuberculous in- 
dividuals and if these cells have anytliing 
to do with the immune mechanism it is 
logical to suppose that they would react 
poorly to infection. Understandable on this 
basis is the fact that a hypoplastic pituitary 
would react poorly to lung involvement or 
any infection. 

A study of the immune mechanism re- 
veals the fact that practically all tlie ele- 
ments involved in immunity are derivatives 
of the mesoderm. The pituitary has a se- 
lective action on the mesoderm and if such 
is the case then hypoplasia of the pituitary 
during intrauterine life would result in an 
asthenic habitus with hypoplasia of the 
mesoderm. 

Perla“- concluded from his work that 
hypophysectomy is associated with a drop 
in natural resistance to spontaneous bac- 
terial infections and to induced infections 
with a protozoan such as T 7 ypanosoma 
lewisi. Decrease in resistance to such infec- 
tions is in part due to atrophy of the spleen 
and lymphoid tissue of the body. Perla is 
of the opinion that the drop in natural re- 
sistance, particularly to poisons following 
the removal of the pituitary, is in part an 
expression of the insufficiency of the func- 
tion of the suprarenal cortex, due to the 
withdrawal of the adrenotrophic hormone. 
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There has also been demonstrated a definite 
relationship of the pituitary to the spleen. 
Decrease in size of the spleen follows hy- 
pophysectomy. There is a progressive 
atrophy of the spleen following this opera- 
tion (Perla). 

White and Dougherty/'® from their ex- 
perimental work, stated that “The data 
lead to the conclusion that the lympho- 
cytes of lymphoid tissue are a storehouse 
for a portion of the globulin fraction of the 
serum, and that the rate of release of this 
protein is under the normal physiological 
control of the pituitary adrenotrophic hor- 
mone which exerts its influence by way of 
the adrenal cortex. The evidence permits 
the integration of the functioning of the 
lymphocyte and the adrenal cortex in nor- 
mal defense mechanisms of the organism.” 

In connection with the statement that 
the rate of release of globulin protein is un- 
der the control of the pituitar)', the work of 
Leathern®^ becomes of interest. This worker 
found that a rise in total plasma protein 
concentration occurs in male rats fed i per 
cent thiourea for twenty to twenty-two 
days. This total protein rise is due entirely 
to an increase in plasma globulin, in that 
plasma albumin concentration does not 
change. Thus the blood protein changes 
simulate those observed after thyroidec- 
tomy. 

A study of the literature emphasizes the 
importance of the pituitary to the immune 
mechanism of the body. It is logical to as- 
sume that the relationship of the pituitary 
to the development of the vascular system 
(including the capillaries), hemopoiesis, 
oxygenation and lung function places it in 
the front ranks of the factors controlling 
immunity. As previously stated, infection 
and any modality which induces fever will 
involve the hypopthalamic-hypophyseal 
system which activates the immune mech- 
anism. 

On certain occasions, though not too frc- 
ipjentl'', hyperpj tuitarjsm m the form of 
acromeitalv or giiiantism may follow a long 
standing infection such as typhoid fe\cr. 
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On the other hand, clinicians frequently see 
rapid growtli in youthful individuals fol- 
lowing an acute infection such as scarlet 
fever and measles. Tresumably the infec- 
tion activates the pituitary. 

Furthermore, it is well known that the 
sulfonamide compounds including thiourea 
and thiouracil produce fever and it is 
reasonable to suppose it is due to the toxic 
effect on the hypothalamic-hypophyseal 
mechanism. Occasionally, as reported by 
Cargill and Lesses,’ submaxillary gland 
swelling follows the administration of 
thiouracil. This, we believe, is due to the 
changes in the thyroid for it has been shown 
that the thyroid is essential to the develop- 
ment of the salivary glands (Hammetd®). 

It is interesting that iodides not infre- 
quently cause swelling of the submaxillary 
glands as well as salivation, 

F. D. Dodrill and I are reporting the re- 
sults of our experiments on dogs show'ing 
the reciprocal relationship between lung 
function and the pituitary gland. Dogs nor- 
mally have a polycythemia (6 to 7 million 
red cells per 100 cc.) compared to humans. 
These animals do not have sweat glands 
and the rapid ox}'gen exchange with pant- 
ing explains why they normally have a 
comparative polycythemia as compared to 
humans. They also have large spleens. 

SU.MMARV 

Clinical evidence has been presented to 
.show that the pituitary gland produces 
growth by the formation of the mesodermal 
vascular system and by supplying blond to 
the tissues. The production of localized 
acromegaly or gigantism has been seen in 
arteriovenous fistula of an extremity show- 
ing that it is by an increase in the vascular 
development with consequent increase in 
blood supply that grow't/i takes place. Jn 
this instance there is no generalized increase 
of pituitary function hut this example 1 - 
lustrates that urow'th may be produced 0} 
such conditions without the presence of a 
specialized growth hormone, if um ((ccepts 
the hypothesis that the pituitary yjand w- 
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duces g)-oivth by developing the circulatory 
system of the body and hemopoiesis, then 
there is no need to assume the presence of the 
so-called specific hormones or polyhormones 
since all endocrine glands zvould be affected 
by this mechanism as well as the body as 
a whole. 

Congenital hypopituitarism results in a 
defective development of the vascular sys- 
tem witli a decrease in blood supply to the 
tissues resulting in dwarfism. 

The dwarfism of cretinism is the result of 
pituitary underfunction witli lack of capil- 
lary development. 

This same holds true for all forms of 
dwarfism and is responsible for the changes 
seen in anencephalic fetuses and renal rick- 
ets in which defective development of tlie 
pituitary is found. 

A close relationship exists between the 
eosinophil and basophil cell of tlie pituitary; 
tlie former probably is responsible for 
vascular development and tlie latter for 
hemopoiesis. 

On tlie basis tliat the chromophil cells 
control vascular development and hemo- 
poiesis, and the posterior lobe has a vaso- 
constrictor effect on the capillaries, an ex- 
planation was offered for the phenomenon 
of menstruation. The menstrual function is 
postulated as being brought about by the 
activity of the anterior lobe chromophil 
cells producing the development of the 
endometrial capillaries and tlie endometrial 
blood, mediated by the synergistic estro- 
genic hormone witli a chemical interplay 
between the former and tlie latter and tlien 
followed by tlie development of the corpus 
luteum witli the antagonistic progesta- 
tional hormone which holds the posterior 
pituitary lobe in check so that tlie secretory 
nidational endometrium is formed. If no 
gestation has taken place the corpus luteum 
degenerates, the posterior lobe hormone 
acts as a vasoconstrictor on the capillaries 
and produces necrosis and anoxia of the 
endometrium with consequent shedding 
and tlie phenomenon of uterine bleeding 
per vagina. 


Primary disease of the lungs, such as 
cancer (primary and metastatic), and 
chronic suppuration of the lung, and 
chronic pulmonary osteoarthropatliy are 
often associated with pituitary chromophil 
hyperplasia. 

It was suggested tliat the lung disease 
produced an inflammatory reaction which 
called for vascularization, oxygenation and 
hemopoiesis and this process in turn results 
in a compensatory hyperplasia of tlie pitui- 
tary chromophil cells. The pituitary has 
been shown to produce growth of lung 
tissue. 

Hyperactivity of the pituitary has been 
found in patients suffering from cancer. 

A close relationship exists between the 
posterior pituitary lobe and tlie vascular 
system as shown by its pharmacologic ef- 
fect. 

Sulfonamide compounds, such as tliiou- 
racil and thiourea, produce a reduction in 
the number of acidophils and an increase 
in the basophils and it was tlierefore sug- 
gested tliat growtli was inhibited by the 
decrease of the former cells and the vascu- 
larity increased by the latter. 

Iodine has been shown to have a selec- 
tive action for the interbrain and pituitary 
and tlie benefits of tliis form of therapy 
may be due to its affinity for these tissues. 
The slower response of iodine treated pa- 
tients to thiouracil may be due to the 
chemical affinity tlie pituitary and inter- 
brain tissues have for iodine so tliat tliis 
substance is not readily displaced. The 
pituitary and lung function are intimately 
related on tlie basis of hemopoiesis, oxy-. 
genation, and water exchange. This gland 
as well as tlie hypothalamic region is prob- 
ably involved in the immune mechanism of 
the body, and tlie rapid growtli in children 
which frequently follows infectious diseases 
is due to the activation of the pituitary 
mechanism which has been set in motion 
by the toxemia. 

964 Fisher Bldg., 

Detroit 1 , Michigan. 
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physical factors con- 
trolling THE DIAGNOSTIC QUALITY OF 
ROENTGEN IMAGES* 

PART I. INTR0DUC710N 


By RUSSELL H. MORGAN, M.D. 
S/ir^eo» (R), Vmted States Puhlic Health Serdcc 

WASHINGTON 


I ''HE diagnostic information which may 
be obtained from a roentgenographic 
film or roentgenoscopic screen is main!}' 
determined by the clarity or detail with 
which tJie various roentgen images are 
visualized. It is tlierefore important that 
one be cognizant of the several factors 
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I. Line drawing test object witli which the re- 
solving powers of photographic film may be tested. 


which control roentgen detail and clearly 
understand their interrelationship. .Such 
knowledge will greatly facilitate the choice 
of roentgen procedures with which optimal 
film and screen interpretability may be 
achieved. Furthermore, ifsufficient (pianti- 
tativc data be provided, one may easily 
evaluate the relative merits of the various 

* Friipi l!ic n'vi'IoT’, (.f H.-'snrrcr.'T-.y, ;i,e tV.ivff-!l> «>f Cfijc-i;' 
PiifiHc Hr-iloi Service. 


roentgen methods and materials available 
today. 

Although the factors which control 
roentgen detail are generally understood, 
little has been written to indicate the man- 
ner in which they affect one another. In 
addition, a perusal of the literature ret'eals 
practically no quantitative data which are 
directly applicable to the solution of roent- 
gen technical problems. It is not surprising, 
therefore, that opinions regarding many 
roentgen procedures vary between wide 
limits. For instance, there are many radiol- 
ogists who are confident that there is an 
optimal kilovoltage at which each anatom- 
ical structure should be roentgenographed,’ 
others are equally certain that within rea- 
sonable limits the diagnostic quality oi a 
roentgenogram is essentially unaffected by 
the kilovoltage used. .A long list of similar 
examples could be cited. Because of this 
confusion a comprehensive analysis of tlic 
factors affecting the diagnostic quality of 
roentgen images has been undertaken anil 
will be reported in this series of articles. 
It is hoped that the material to be pre- 
sented will effectively clarify many per- 
plexing problems in the field of rcchnita! 
roentgenology. 

'Fhe clarity with which an image is re- 
corded by a photosensitive material i?> 
direct function of the ability of the materru 
to record detail. 'I'liis ability to record de- 
tail is customarily specified in terms of n;- 
solving power and, in jrhotograph,'' » • * 
measured by photographing ini th'- 
under test a line drawing similar fo fe.;.' 


12B 
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illustrated in Figure i. Under most circum- 
stances films exhibit little difficulty in re- 
producing the coarser patterns. As one 
progresses to the finer configurations, 
however, a pattern is eventually encoun- 
tered which tlie photographic emulsion can 
no longer resolve and tlie resultant image 
appears as a homogeneous opacity. The 
maximum number of lines per millimeter 
which the film can record represents the 
film’s resolving power. The resolving pow- 
ers of photographic films vary through a 
relatively wide range. Eastman Super XX 
film has a resolving power, for example, of 
50 lines per millimeter whereas Eastman 
Microfile film has a resolving power of 130 
lines per millimeter. The ability of the 
latter emulsion to record detail, therefore, 
is almost three times greater than the 
former. 



luG. la. Wire-wound test object with which the re- 
solving powers of roentgenographic films, inten- 
sifying screens and fluoroscopic screens may be 
me.isured. 



Fig. 2^. Pattern produced by wire-wound test ob- 
ject on roentgenographic film. 

Methods for measuring the resolving 
powers of photographic materials^ have 
become well standardized. No such order 
exists however in tlie measurement of the 
resolution of roentgenographic films and 
screens. Indeed a satisfactory method for 
determining the resolving powers of roent- 
gen materials has only recently been de- 
vised. The method^ consists of roentgeno- 
graphing on tlie film or film-screen com- 
bination under test, a mandril on which is 
wound a series of wires ranging in size 
from very fine to very coarse. A portion of 
such a test object is illustrated in Figure 
As shown in Figure ib, tlie object pro- 
duces on the film a series of serrated pat- 
terns, the coarser of which the film has 
little difficulty in recording. As the finer 
configurations are approached, a pattern 
is eventually reached which tlie film is 
unable to, resolve and the image appears 
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as a uniformly straight line. The maximum 
number of serrations per millimeter which 
can be clearly seen in a film constitutes the 
film s resolving power. A more detailed 
description of the method together with 
quantitative data on many commercially 


Al-gost, uj4S 

and its surrounding held. This relationship 
is illustrated graphicall>' in Figure 3. There 
it is seen that when contrast is zero, re- 
solving power also is zero; that is, no detail 
can be detected under these circumstances. 
When contrast increases, resolving power 
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Fig. 3. Relationship between resolving power of a roentgen material and the contrast exhibited between 

a recorded image and its surrounding field. 


available hlms and hlm-screen combina- 
tions wall be presented in Part If of this 
series. 

The resolving power of a pliotosensitii'e 
material is markedly influenced by the con- 
trast* e.xhibited between a recorded image 


* Quantitatively, the tefTn, contr.avt, a'^ uret* terein is defined 
as the ditTerence between t/ic hy:tr!tlim of the light i.ntensity 
emergent from a roentgen image .ami the iygnritfim of the light 
intensity emergent frotn the image's surrounding field; that is, 

0®!%' /;-iog />, _ fa) 

■wKcrc /<!S the intensity of the light cmcrce.nt from the image and 
/its the intensity of the light emergen; from the surround- 
ing field. 


E<]uatton (A apgiie', to images .lypcaring in iiorh roenfgcno- 
praphic films and roentccnotcopic screen^. Sinec the tier.sity 
of a roentnenottraphie film, according to standard flefinitirin, is 
equal to tiie logarithm of tS.e light intensity incident on the rtJr 
face of the film .minus the h^girithm of the light inten-’iry trans- 
roiaed hy the film fix., Ucns'ity - log vA-ete h an 1 /, 

: theintident and transmitted light inter.-!Tie--rc*;'ective!y),tr.e 


co.ntrajt of 3 ur-ifei-ndy il'imm 


rated roerir 


graphic inare m.T. 


t'e express fd h-. tr e c.-iistii' n 

vhttt Cf is ro-cntfcr.m.-iaphic rnn'rast 

/h it the df:r.'.;:y of thefim surr-jn 
Oils th- tlcnsirs th.e imree. 


■h) 


iir.-.' e im. 


also increases, quickly at first, then less 
rapidly until finally a level is reached be- 
yond which resolving power remains rela- 
tively constant. Photographic experiments^ 
indicate that this relationship is in general 
an exponential onef rmd may he exprcs‘ic-d 
by the equation 

where 7? is the resolving power at a level of 
contrast, C, 

Rr., is the maximum resolving power of 
the material 

a is a constant, which may he conven- 
iently called the resolution coefficient and 

c is the Naperian base. 

For images of low contrast, the relation- 

t iV; Vxnxc* tra: » vri 

O' t-ffJ"' ^'5* n.-stcnniz. 
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ship may be more simply expressed by the 
equation 

(ib) 

The value of a photosensitive material’s 
maximum resolving power, Rm, is governed 
by inherent properties, such as graininess 
and turbidity, of tlie material. In the case 
of roentgenographic films it is also a func- 
tion of image-density, developing condi- 
tions and several minor parameters. A 
roentgen material’s maximum resolving 
power may be measured by means of the 
wire-wound test object previously de- 
scribed. Care must be taken of course to 
insure that tlie image produced on the film 
or screen exliibits a high degree of contrast. 

The value of the resolution coefficient, 
is also governed in part by inlierent prop- 
erties of tlie photosensitive material. Un- 
like the factor, Rm, however, this coeffi- 
cient has an essentially constant value for 
a large variety of roentgenographic films 
and screens. 

The dependence of resolving power on 
contrast is particularly significant because 
it establishes a relationship between roent- 
gen technique and roentgen detail. The 
following analysis will make this more 
clearly evident. 

When a roentgen beam is projected 
through a structure, tlie intensity of the 
emergent radiation in a plane normal to the 
beam varies from point to point depending 
on tlie absorption which tlie radiation un- 
dergoes witliin the various portions of the 
structure. The emergent beam therefore 
presents a series of roentgen-ray images of 
the several components included within 
tlie structure. 

The intensity of the emergent radiation 
at any point in the image plane is a func- 
tion of a large number of variables includ- 
ing the tliicknesses, densities and atomic 
numbers of tlie materials transmitting the 
radiation, tlie intensity of tlie radiation 
emitted by the roentgen tube and the volt- 
ap applied to tlie roentgen tube. Portal 
dimensions and filtration (including a grid, 
if used) also are controlling factors. The 


relationship between roentgen-ray intensity 
and the tliickness and density of a homo- 
geneous material is illustrated graphically 
in Figure 4. This relationship may be ex- 
pressed by the equation 

log G = log Go— r bpiix (2) 


where G is tlie intensity of the radiation 
transmitted by the material. 



0 

Thlelai«it Z D«n«lty of 

Fig. 4. Relationship between roentgen-ray intensity 
transmitted by a homogeneous material and the 
thickness and density of the material. 

Go is the radiation intensity if no struc- 
ture were interposed in the roentgen beam, 
p and X are tlie density and thickness of 
tlie material respectively and 

is tlie negative slope of tlie log G vs. px 
curve. 

The factor, is the material’s mass ab- 
sorption coefficient expressed in decadic 
logarithms. Its value is a function of the 
atomic numbers of tlie several components 
comprising the material and of the spectral 
distribution of the roentgen radiation. It 
thereby is a function of tlie voltage applied 
to the roentgen tube and of any filtration 
placed in tlie roentgen beam. 
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Lquation (2) is valid only for a lionKv 
pneous structure. WJ,en tlie .structure is 
lieterogeneous (as is almost always the case! 

'=<!“ation 

snouJd be written 


AfGb-ST, 

directly below the object (see Fig. A i, 
given by the equation ^ 

!ogG,=iogG,- . . . 

0 j 0 



Fig. 5. Schematic diagram illustrating roentgen-ray 
intensities emergent from a structure below an 
included image-producing object (Gi) and else- 
where below the structure (Gi,). 


- A-r A . ■ ■ - (3,) 

Also if this object is surrounded by material 
having a density, p^, and a mass absorption 
coefficient, A, the roentgen-ray intensity of 
the ^emergent beam just outside the ob- 
ject s image is 


]ogGi=]ogGo- f b^p,dx~ f ' b^p^dx ■ ■ ■ 

-'0 Jo 

~ Jo ~ J (3I1) 


When equation (jb) is subtracted front 
equation (ja)^' 


log G,- logGb— r bopidx— f hipidx. (4) 
0 Jo 

Under most roentgen conditions, the thick- 
ness of an image-producing object is suffi- 
ciently small that the values of the mass 
absorption coefficients remain essentially 
constant over the integral. Under these 
circumstances, therefore, equation (4) be- 
comes 

log G, — log Gi= {bhPb—bip,)x{. (4a) 

Now when roentgen radiation impinges 
on a roentgenoscopic screen, fluorescent 
light is emitted and the intensity or bright- 
ness of the fluorescence is directly propor- 
tional to the intensity of the exposing radi- 
ation; that is 

I^bG (5) 


where the subscripts define the absorption 
coefficients, densities and thickne.sses of the 
p; materials included in the structure. _ 

Now if a roentgen beam is projected 
through a heterogeneous structure which 
includes an image-producing object of 
thickness, Xi, and den.sity, p,-, and having a 
mass absorption coefficient, hi, the roent- 
gen-ray intensity of the emergent beam 


where / is the light emission of the screen 
G is the intensity of the roentgen radia- 
tion and 
h is a constant. 

* since values, of b arc a function of tfie spectm! distrifnition of 
tlic radiation, tfie terms v-hicfi foHov.' ~ f,f'n(n'bx in equation 
(3a) arc not exactly equal to those which follow —fd'b'pybv 
in equation fjW becau.se the radiation passing through thcolyeci 
will be changed in quality somewhat differently than that tranp 
tnitted by the surrounding material. This difference however is 
seldom likely to be large and .accordingly in the derivation of 
equation (^) the two .series of term.s are considered equal. 
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Therefore when equations (4a) and (5) are 
combined, 

log li — log Ib = ikbPb — ^iPx)Xi (6) 

where /,• and /& are the light intensities 
emitted by tlie screen in the irnage and in 
the surround respectively. 

But log /,•— log Ib is the contrast exhib- 
ited by the image. 

Therefore, 

Cr — {pbpb ^ip i) X 1 (fi a) 

where Cr is roentgenoscopic contrast. 

If the roentgen radiation is permitted to 
fall on a roentgenograph ic film or film- 
screen combination instead of a roentgeno- 
scopic screen, the density of the processed 
film will be a function of the quantity of 
radiation (usually referred to as the ex- 
posure) received by the film. This relation- 
ship is shown graphically in Figure 6 and 
may be expressed by the equation 

D= j gti log E-\-K (7) 

where g is the slope of the density vs. log E 
curve, 

E is the quantity of radiation received 
by the film and 

K is a constant. 

The value of the factor, is governed bv 
inherent characteristics of tlie film and the 
conditions under which the film is devel- 
oped. Through the small ranges of density 
which usually occur between roentgen 
images and their surrounding fields, it re- 
mains essentially constant and for these 
conditions equation (7) reduces simply to 

D=g{\ogE—j) (7a) 

where / is a constant (see Fig. 6). Now the 
quantity of radiation received by a photo- 
sensitive material is equal to the product 
cf the effective radiation intensity, G, and 
the exposure time, /,* that is 

E=G/. (S) 

Therefore, equation (7a) may be written 

D=^(iog G-f log /— /). (9) 


When equation (9) is substituted in equa- 
tion (4a) and terms in G are eliminated 

Di—Db—g(log /i— log 4) =g{hpb—hpi)^'^'i (10) 

where Di and Db are the densities of the 
film within the image and the surround 
respectively and /,• and 4 are the exposure 
times witli which these densities were pro- 
duced. However, all parts of the film re- 
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Fig. 6. Relationship between the density (photo- 
graphic) of a roentgenographic film and the 
quantity of radiation (exposure) received bv the 
film. 

ceive the same exposure time. Therefore 
/,• =h and equation (10) reduces to 

Di — Db =g{hpb — hpi)xi. ( I oa) 

Now Di—Db is tlie roentgenographic con- 
trast exhibited by the image. Accordingly 

Gf=g(.hpb—hpi)xi (lob) 

where C/ is roentgenographic contrast. It is 
notewordiy that equation (rob) is also 
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valid for roentgenoscopic contrast (equa- 
tion (6a)) if a value of unity is assigned to,?-. 

In the derivation of equation (lob) the 
influence of scattered radiation arising 
within the structure under examination 
was neglected. This phase of the subject 
however will receive extensive treatment 
in a later article. For the time being it Avill 
suffice to say that when scattered radiation 
is present equation (lob) should be written 

Cf==^g(J>bPh—biPi) 

where G,,. is the intensity of the primary 
roentgen radiation and 

Gu is the intensity of the scattered radia- 
tion within the image boundaries respect- 
ively. 

Equation (ii) specifies contrast as a 
function of the tldckness and density of an 
image-producing structure and of the in- 
tensities of the primary and scattered 
radiation. Also, through the mass absorp- 
tion coefficients, hi and h it specifies con- 
trast as a function of the voltage applied 
to the roentaen tube, of the filtration m 
the roentgenlieam, of the atomic composi- 
tion of the image-producing structure and 
of its surrounding material, and of the type 
of roenteen material on which the radia- 
tion impinges (film, film-screen com "na- 
tion or roentgenoscopic screen). 1 1 c <k- 
ncmlcnce of contrast on roentgen technical 
factors is clear. In view ol the relationship 
which exists between ''C™l' ‘ng poner am 
contrast (equations (la) ami 
dent tliat roentgen detail ,s closch .elated 

‘”,TSontcr rast. resolving ,iower 
i,^n„ction,.ftl.cunsha^n--^^^^ 
a roentgen image ^ ^ 

e miisions and of the 

roentgenograph le Uitcndfvine ana 

fluorescent articles u. „ 

roentgenoscopic . 

roentgen image are not pcleci , 
till 


movement of the structure under examina- 
tion or by an excessively large target in the 
roentgen tube. Under certain circumstances 
such an increase in unshaq^nes.s ma}' ma- 
terially reduce the resolving power oi a 
screen or film and accordingly efi'ort.s 
should be made to reduce target size and 
anatomical motion to a minimum. 

In general, resolving power i.s an inverse 
function of unsharjiness; that is, 


A’= 


;;; 


U 


h2) 


where w is a proportionalit}' constant and 
U is unsliarpness. It is et'idcnt from ctgia- 
tion ( 12 ) that if is the resolving power (,it 
a material under conditions wlan cKtrane- 
ous factors producing unsharpness frarger 
size and anatomical movement) are present 
and Rn is the material’s resolving {v.iwcr un- 
der conditions in which resolution is limited 
onlv by inherent unsharjmes.s, 


R,=^!UUi/Vd 


('.d 


where U< is inherent film or screen tin- 

sharpness and ^ 

U, is overall unsharpness (inherent ami 

extraneous unsliarpness eollecrivelv 

'I'hat is, extraneous unshnrpness reduerb re- 
solving power by a factor ( ./ ( - 

From the foregoing it is clear that equa- 
tions (ra) and fiid t" h- 
applicable shonltl he wrirtcn 

A” 1. 1 -z' 


■■ E 4 lO 


and 


A A-.f^d I f 


w 


here 



F.quatiorib > i.ia.i 
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various roentgen procedures such as photo- 
fluorography versus general roentgenogra- 
phy, low kilovoltage technique versus high 
kilovoltage technique and small target size 
versus large target size. In forthcoming 
publications of this series, quantitative 
data on each of the factors appearing in 
these equations will' be given. In Part II 
methods for measuring tlie maximum re- 
solving power, R„,, and tlie resolution co- 
efficient, a, of roentgen materials will be 


described. Data on a variety of films and 
screens will be included in this report. 
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mSs iNsumciENcr 


By DONAI.D deF. BAUER, M.D, 

DURHAM, HORTH CAROLIN'A 


^WCUSPID insufficiency is mfre- 
quently diagnosed clinically. A study 
at hew Orleans indicated that onlv i case 
in 30 IS recognized 3 = Congenital t'ricuspid 
I sufficienc) of the Ebstein tvpe has been 
reported only 1 6 times and has apparently 
neyer been diagnosed before postmortem 
examination. In most cases of tricuspid in- 
sufficiency the expectancy of life is consid- 
erably shortened. Tiie average age at death 
m Ebstein s disease is twenty-five years. 

1- j lived to be sixty; 4 others 

lived beyond the age of thirty, the causes 
of death are shown in Table i. The inci- 
dence of sudden death seems to be rather 
high, but die series is too small for conclu- 
sions to be drawn. Nevertheless it is inter- 
esting to consider a fourth case with sudden 


death, followed over a period of nine rears 

the seventccntli case to be reported. ' 

CASK REPORT 

3 he patient was first seen when she wis 
eighteen years old. She complained of weakness 
easy fat, gab, hty and breathlessness in response 
o nnnor exert,an. 'fhe most distres.sing svmp- 
tom was ‘^heart flutter." She was one of ihrle 
ch,ldren. >vo history of heart disease in her 
family could be eheted. From the age of six 
this g,rl had suffered palpitation and shortness 
of breath on e.vertion. x\o precordiai pain, 
cough sputum, edema or cyanosis had bothered 
her. xVIenses began at thirteen and were always 
regular. Intermittent attacks of severe palpita- 
tion lasting many hours, had recently beirun, 
with onset following excitement. Quinidine 
therapy afforded relief for these attacks of 
paroxysmal tachycardia. 


Tabi.e J 

CAUSE or death i.v reported cases 


Date 


•Author 


Sex 


.Age 


Cause of Death 


1S66 

,886 

1900 

190;, 

lyo,} 


1908 

1 9 1.7 


1919 

192- 

1927 

19:8 

1978 

194-4 


Ebstein 
Marxsen 
MacCallum 
.Schoncnlierger 
Gcipel 


M.alan 

Heieel 


Case I 
Case u 
Case ill 


Case 1 
Case n 
Case HI 

BiackhaJI-Morison .ind Sh.aw 

Bkackhali-.Morison 

Arnstcin 

Abivift 

V.Tter and Shapiro 
Bauer 


M 

F 

M 

F 

M 

M 

.M 

F 

F 

F 

M 

M 

F 

M 

F 

F 


19 

6 r 

30 

4-5 

18 

15 

15 

60 

10 

3 

.38 

38 

33 

20 

,6 

21 
-/ 


7 'uherculosis and congestive failure 

Ulccrativccoiitis 

Pulmonary tuiiercuio.sis 

Sudden death 

Xot st.atcd 

.N'ot suited 

Cereb.Ml em}Rx!ii.s 

.Mesen teric tlirom Iwis 

•Meningitis 

Bronchopneumonia 

Cord paralysis 

Tutyerailosis; meningitis 

Sudden death tno jTcvious ill liraUbj 

Tuberculosis 

Ery5jjK'!.a.s 

-Sudden death 

Sudden death 


Statistics; 8 M, 8 F, 1 unknov.n; avcr.agc age, 25.2 years. 


" Ffti.-; t?-e Dcp.-rtr-'etorRa.'Jk-H;;. -.fr.'i r/.c l>cpjrtr:.,':r)t of Pat?Lt.4oe> of Oat? L'nivrrury c.f 'ttrliu.'-,' jt.! U-A.' if-: 
li;:rf.arr, SV.Tt®) Car'-iii.ea. 
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The patient weighed 55.5 kg. and was 166 
cm. tall. She was not jaundiced nor cyanotic. 
There was no clubbing and the neck veins were 
not distended. A marked precordial heave was 
evident; but a true seesaw movement of the 
chest wall was not present (absence of out- 
thrust over the liver). A systolic thrill was pal- 
pable over the apex. In the same area could be 
heard systolic and mid-diastolic murmurs. The 
murmur of systole was audible over the entire 
precordium but it was maximal in the fourth 
left interspace at the sternal border. The lungs 
were clear. The liver could not be felt. The 
pulse rate was 75. The electrocardiogram 
showed normal sinus rhythm and bundle 
branch block. 

Roentgenoscopy and roentgenography of the 
chest showed marked enlargement of the heart 
in all diameters. Pulsations were rapid and 
strong. The aorta did not appear dilated. The 
right cardiac margin, composed probably of the 
right atrium, projected to the right and pos- 
teriorly. Measurements were: midline to the 
right border, 7.5 cm.; midline to the left border, 
II cm.; great vessels, 4.6 cm.; transverse diame- 
ter of the chest, ■24 cm. 

The patient was not admitted to the hospital, 
but was seen several times in the outpatient 
clinic, up to the time of an attack of “rheuma- 
tism” at the age of twenty. Thorough examina- 
tion at that time disclosed that her “rheuma- 
tism” was an acute gonococcal arthritis 
involving the right wrist. Since the previous 
study, she had lost 4 kg. and was 7 kg. below 
ideal weight for her height and age. Bouts of 
palpitation and dyspnea on exertion were less 
troublesome because she had learned to accept 
her physical limitation and was leading a less 
active life. There was no clubbing, jaundice, 
dyspnea, distention of neck veins or pulmonary 
congestion. One experienced observer noted 
slight cyanosis (but this may have been related 
to chemotherapy). 

Teleroentgenograms and roentgenoscopy 
showed increase of the transverse diameter of 
the heart since the previous examination (two 
years before). jMeasurements now were: mid- 
line to the right border, 8 cm.; midline to the left 
border, 11.5 cm.; great vessels, 4.3 cm.; trans- 
verse diameter of the chest, 25 cm. The 
enlargement seemed to be largely confined to 
the right side of the heart. The electrocardio- 
gram showed normal sinus rhythm at a rate of 
88. Right bundle branch block was noted. The 


impression of most observers was that the pa- 
tient had some form of complicated congenital 
cardiac malformation, possibly tetralogy of 
Fallot. 

At the age of twenty-seven the patient was 
admitted again, for study of her cardiac status 
and consideration of the advisability of 
oophorocystectomy. For the past five years she 
had noticed a slowly growing abdominal mass 
which the gynecologists believed to be a benign 
ovarian cyst. The patient complained of dysp- 
nea on climbing stairs (even very slowly) and 
she limited her activities carefully to prevent 
unpleasant manifestations of her cardiac insuf- 
ficiency. Attacks of paroxysmal tachycardia 
were very infrequent; minor episodes of palpita- 
tion were always related to physical exertion, 
worry or excitement. She weighed 60.6 kg., a 
gain of 9.3 kg. since the last admission. Conse- 
quently she was up to the average weight for 
her height and age. There was no cyanosis, 
clubbing, jaundice, distention of neck veins, 
orthopnea or pulmonary congestion. The apical 
systolic thrill was present as before. At the apex 
and in the third, fourth and fifth left inter- 
spaces par astern ally there was a loud, low- 
pitched, rough systolic murmur synchronous 
with the thrill. An early diastolic murmur was 
heard only in the fourth and fifth left inter- 
spaces parasternally. The liver was not palpable. 
The blood pressure was 105 systolic and 80 
diastolic. 

The electrocardiogram showed the same gen- 
eral picture as previously, with normal sinus 
rhythm and right bundle branch block. The 
heart rate was 77. Roentgenogram of the chest 
demonstrated rapid, feeble pulsations and 
marked enlargement of the right atrium and 
ventricle. The heart measurements were: mid- 
line to the right border, 9 cm.; midline to the 
left border, 12 cm.; great vessels, 5 cm.; trans- 
verse diameter of the chest, 25 cm. The kymo- 
gram showed rapid, irregular pulsations, sug- 
gesting fibrillation or myocardial degeneration. 
The heart was larger in all diameters than at 
the examinations nine and seven years previ- 
ously and the increase was chiefly right sided. 

Oophorocystectomy was performed under 
spinal anesthesia. A papillary cystadenoma of 
the ovary was removed. The postoperative 
course was entirely satisfactory and the patient 
was discharged on the twelfth postoperative 
day. She returned for dressings on the twenty- 
first and twenty-eight postoperative days. She 




Fig. I. A, right anterior oblique view at the age of eighteen, showing enlargement of the right atrium. B, left 
anterior oblique view at the age of twenty, showing the huge right heart without esophageal displacement. 
C, kymogram at the age of twenty-seven, showing feeble pulsations and irregularity. D, posteroantenor 
view at the age of twenty, with cardiac measurements. 


died suddenly during the latter clinic visit. 
^Yhilc arranging her clothes after climbing down 
from the examining table, she cried out for help. 
She was found leaning against the examining 
table and she was cyanotic with cool, moist 
skin. Her color improved when she had been 


lifted back to a supine position on the table; 
but she tossed from side to side and conversed 
in garbled, incoherent speech. Tachypnea was 
evddent, but not orthopnea. Oxygen and carbon 
dioxide were administered but respirations 
ceased. .Artificial respirations and intracardiac 
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coramine were without avail. The attending 
physicians believed death was caused by pul- 
monary embolism. 

Autopsy. The right hand and forearm (in- 
volved seven years ago in gonococcal arthritis) 
are atrophic. The peritoneal cavity contains' 
about 200 cc. of clear liquid. Each pleural cavity 
contains about 50 cc. of clear liquid. The peri- 
cardial sac is fluctuant and distended with 500 
cc. of blood-colored, unclotted liquid. Peri- 
cardial surfaces are not smooth but have many 
minute, wart-like excrescences and some short, 
fibrous strands. No evidence of myocardial 
perforation, coronary rupture or pulmonary 
emboli is found. The heart weight, 470 gm., is 
approximately 200 gm. more than the average 
for a woman of this age. It is a huge heart with 
striking predominance of right-sided enlarge- 
ment. The left atrium measures 5 by 5 cm. 
There is no atrial rheumatic patch. The fora- 
men ovale is patent to the probe. The mitral 
valve is 7 cm. in circumference. Its free margin 
is definitely thickened, and some of the chordae 
tendineae are thickened but not shortened. The 
valve appears competent and not s’tenosed. The 
left ventricle measures 9 by 4 cm. Its wall is 
about 12 mm. in thickness. There is no ventricu- 
lar septal defect. The aortic valve circumference 
is 5.5 cm. This valve is not thickened, but is 
well formed, smooth and delicate. The aorta 
beyond is neither stenosed nor dilated. The 
ligamentum arteriosum has replaced the ductus 
arteriosus. 

The right atrium measures 5.5 by 8 cm. and 
is obviously dilated and hypertrophied. The 
coronary sinus is greatly dilated. The right 
atrioventricular orifice measures 21 cm. in 
circumference. This, however, is not the line 
of attachment of the insufficient tricuspid valve. 
The total circumference of the line of attach- 
ment is 30 cm. The anterior cusp is properly 
attached at the atrioventricular sulcus. The 
left or septal half of the posterior cusp is at- 
tached to the sulcus, but the remainder of the 
posterior cusp is attached to the ventricular 
wall in a curved line which sweeps progres- 
sively downward to the posteroseptal commis- 
sure. The septal cusp, beginning at the antero- 
septal commissure, likewise attaches to the 
ventricular wall in a downward sweep with a 
maximum departure of 8 cm. from the atrio- 
ventricular sulcus. The papillary muscles, 
almost insignificantly small structures, are 
hardly distinguishable from columnae carneae. 


This is particularly true because the chordae 
tendineae are extremely short, thus effectively 
binding the valve leaflets to the ventricular 
walls and making the valve totally insufficient. 
The moderator band is clearly discernible. The 
right ventricle measures 12 by 12 cm. The 
normal appearing pulmonary valve measures 
6.5 cm. in circumference. The artery beyond is 
neither stenosed nor dilated, but is uniformly, 
slightly smaller in caliber than usual. 

Microscopic examination of the pericardial 
excrescences shows a chronic type of peri- 
carditis with fibrous thickening, numerous 
lymphocytes and many iron-holding macro- 
phages. The myocardium is not scarred; no 
Aschoff bodies are found. The thickened por- 
tions of the mitral valve show a few round cells 
but no vascularization or definitive changes. 
All the viscera show evidence of acute con- 
gestion. There is no central necrosis in the liver, 
but there is some periportal fibrosis with 
moderate round cell infiltration, 

Poshnorlem Roojigen Studies. Additional 
roentgenograms were taken of the heart speci- 
men in an attempt to obtain further information 
of value for the interpretation of the ante- 
mortem teleroentgenograms. Factors used were: 
72 inches, 20 ma., 35 kv., and 2| seconds. By 
means of diaphragms sewn into the specimen 
at the true atrioventricular orifice and at the 
actual line of attachment of the tricuspid valve, 
it was possible to visualize separate portions of 
the right side of the heart with barium. The 
illustrations include anteroposterior and right- 
left views of the heart under these conditions. 

The barium-filled right atrium is shown in 
Figure 2. Evidently the upper border of the 
right auricular appendage formed most of the 
right border of the cardiac shadow in the tele- 
roentgenograms. The comparative size of the 
right and left sides of the heart may be judged 
from Figure 3 where the entire right (func- 
tionally single chambered) side is barium filled 
while the left side is free of barium. In the same 
roentgenograms can be seen the obvious dilata- 
tion of the superior vena cava, which caused 
widening of the shadow of the great vessels in 
the teleroentgenograms. The left border of the 
heart was formed by the right ventricle; the 
left ventricle is entirely hidden (behind) by the 
barium in the right ventricle. 

Some idea of the degree of displacement of 
the attachment of the tricuspid valve may be 
obtained from the roentgenograms in Figure 3. 
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'iG. 2. /I, posteroanterior view of heart specimen with barium in the right atriurn to show that t le r.g 
border of the heart in Figure iZ) was formed by the right atrium. Compare with Figure 4//. '"'S 

view with barium in the right atrium. C, posteroanterior view with barium in the entire right vcn 
Compare with Figures jD and 4J. D, right lateral view of the same specimen. 


Ebstein Type of Tricuspid Insufficiency 


14T 



Fig. 3. A, posteroanterior view of the heart specimen with barium in the portion of the right ventricle (the 
“atrialized” portion) between the two dotted lines of Figure 4 C. 5, right lateral view of the same specimen. 
C, anteroposterior view with barium filling the entire right side of the hearty showing that almost none 
of the left side could be seen roentgenoscopically in the posteroanterior position. D, right lateral view of the 
same specimen. 
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DISCUSSION 

The gross findings are tJiose of Ebstein’s 
diseaser “Ebstein’s disease of the heart is a 
rare congenital malformation consisting es- 
sentially of do^Yn^vard displacement of the 
tricuspid valve in an otherwise completely 
developed heart. The right auricle is greatly 
enlarged, and tlie foramen ovale is usually 
patent. The true right auriculoventricular 
ostium is enlarged.”^^ 

The clinical findings outlined above are 
entirely compatible with the autopsy find- 
ings. The absence of venous pulsations in 


ferred from the kymogram in die present 
case during die patient’s last hospital ad- 
mission. Fibrillation may also be produced 
by increased pressure in the right atrium.^- 
The dirill and murmurs heard are com- 
patible with those of tricuspid insufficiency. 

The immediate cause of death was acute 
circulatory failure. Tamponade did not 
initiate the difficulty. It is probable that a 
small amount of clear fluid was present in 
the pericardial sac prior to die acute epi- 
sode preceding death. The addition of blood 
was apparently caused by the heroic treat- 


Table II 


COMPARISON' OF FIN'DIN'GS IN’ THRF.E EXAMIN'ATION'.S 


Age 

yr. 

Lungs 

Pulsations 

Rhythm 

Median 

Right 

cm. 

Median 

Left 

cm. 

^’esscls 

QRS 

18 

Clear 

Strong 

Regular 

7-5 

1 1 .0 

4.6 

0.15 

20 

Clear 

No mention 

Regular 

8.0 

11.5 

4-3 

0.15 

27 

Clear 

Feeble 

Fibrillation (?) 

9.0 

12.0 

5.0 

0.16 


die jugular veins and the liver is not un- 
common in tricuspid insufficiency when 
the right atrium has become greatly dilated. 
Cirrhotic changes in the liver, in long- 
standing tricuspid insufficiency, tend also 
to make imperceptible the pulsations of diis 
organ. Visible pulsations of the hyper- 
trophied and dilated right cliambers were 
noted in the right hemidiorax. Intermittent 
pericardial effusion was produced by the 
increased pressure on the coronary sinus. 
At the time of death tiiere was also effusion 
into die pleural and pericardial cavities and 
acute congestion of all die viscera as a re- 
sult of acute circulatory failure. 

Yater and Shapiro^® reported bundle 
branch block in their case. Their careful 
histopadiologic studies failed to reveal an 
explanation. Their report carries no men- 
tion of pericardial effusion, but there was 
acute congestion of die viscera. Various 
degrees of heart block have been found as- 
sociated with pericardial effusion, and diis 
may be the explanation. Fibrillation, which 
also may be produced by effusion, was iii- 


nient with intracardiac coraniine, after 
cyanosis and coma had supervened. The 
evidence of chronic pericarditis Jiiay be 
intei*preted as support for die belief that 
increased pressure on die coronary sinus 
caused intermittent pericardial effusion. 

The roentgenologic evidences of tricuspid 
insufficiency in this case were: massive en- 
largement of die cardiac shadow to the 
right and left in the absence of pulnionarv 
congestion and in die presence of vigorous 
pulsations; prominent upper mediastinal 
sliadow witli widened superior vena cava; 
enlargement of the right atrium and ven- 
tricle and actual difficulty in visualization 
of die small left ventricle. 

At die time of her admission for surs-ical 
attention, the patient was a poorer risk 
than at any time when she had previously 
been seen. This statement is not intended 
as criticism of the treatment the patient 
received, because it is not evident that die 
operative procedure contributed in any 
way to her death. The comparison of find- 
ings at the time of die patient’s second ad- 
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mission, with previous findings, provides 
information that should be of value in con- 
sidering the prognosis of an individual with 
tricuspid insufficiency. Except for a slight 
increase in the QRS interval there was no 
essential change in the electrocardiogram. 
Physical findings had not altered. The 
roentgen changes were definite, however. 
These are set forth in Table ii. There is no 
real mystery in die death of this patient or 
the patients in tlie otlier 3 cases in which 
sudden death has been reported. Appar- 
ently each of these individuals had ex- 
hausted the cardiac reserve so that even a 
minor increase in routine activities was 
sufficient to institute irreversible changes 
leading swiftly to deatli. 

SUMMARY 

A seventeenth case of congenital tri- 
cuspid insufficiency of the Ebstein type is 
reported. It is tlie fourth case with sudden 
deatli. The patient was a female, aged 
twent3''-seven, who was studied on three oc- 
casions over a period of nine years. Post- 
mortem roentgen studies of the heart are 
compared witli teleroentgenograms made 
during life to demonstrate the changed re- 
lation of the heart chambers. Some roent- 
genographic observations, which may be 
helpful in problems of prognosis in patients 
known to have tricuspid insufficiency, are 
set forth. 
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THE ROENTGENOLOGICAL MANIFESTATIONS OF 
AMEBIASIS OF THE LARGE INTESTINE* 

By A. DRUCKMANN, M.D., S. SCHORR, M.D. 

JERUSALEM 


amebiasis has a wide geographical 
distribution. In the Middle East the 
disease occurs endemically. In the presence 
of stenosis of the large intestine, roentgenol- 
ogists should therefore always consider the 
differential diagnosis between cancer and 
amebiasis. At present, when members of 
the Army serving overseas may bring the 
disease home on tJieir return, it seems nec- 
essary to draw attention to the roent- 
genological manifestations of amebiasis of 
tlie large intestine. 

Two types of amebiasis of the colon are 
to be distinguished: (i) the diffuse type and 
(2.) the localized type. 

(1) The Diffuse Type. The lesions are 
scattered all over the colon, tlie roent- 
genological aspect being similar to that seen 
in cases of idiopathic or ulcerative colitis. 

In 186 autopsies on persons dying of dys- 
entery, Clark found 60 per cent which pre- 
sented the diffuse type while in 40 per cent 
pathological changes of a local nature were 
established. 

The two varieties, tlie diffuse and the lo- 
calized, may co-exist. This means tliat the 
colon which mav be affected throughout al- 
most its whole length may, in addition, 
show one or several stenosed areas. 

(2) The Localized Type. This type gives a 
more characteristic roentgen appearance. 
The individual portions of the colon are in- 
volved in tJie following order of frequency: 
cecum, ascending colon up to tl\e hepatic 
flexure, sigmoid, rectum. It appears that 
tlie opaque enema is more reliable and 
should be preferred to the barium meal. 

“Amebic granuloma” in conjunction 
with excessive scarring (spasms, edema and 
pericolic inflammatory tissue) may lead to 
partial obstruction of the lumen, creating 
the impression that one is dealing witli can- 
cer of the colon, and operations have even 


been performed because of this misleading 
appearance. 

Before embarking upon a detailed analy- 
sis of the roentgen manifestations of ame- 
biasis, it should be emphasized that close 
cooperation between clinic, laboratory and 
roentgen department is indispensable in or- 
der to establish the definite diagnosis of an 
amebic filling defect. The roentgenological 
distinction between stenosis due to amebic 
granuloma and that due to malignant new 
growth is based on the following points: 

(i) In amebiasis the colic and pericolic 
inflammatory process usually occupies an 
extensive segment of tlie colon, while can- 
cer is practically confined to a relatively 
short portion of the large intestine (Fig, i). 



Fig. I. There is an area of constriction about 20 cm. 
long between sigmoid and descending colon. Haus- 
tration and mucosal relief are practically intact. 


From the Dep.nrtment of Roentgenology of the Rothschild-H.-.tlassah University Hospital, Jerusalem. Head: Dr. A. Druckmann. 
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Fig. 5 . a, constricted portion of colon about la cm. long, with gradual transition from the normal to the 
affected part. Haustration and mucosal relief are practically intact. (The transition is so gradual that it is 
impossible to draw a definite line between the normal and pathological area.) 5, upon additional filling 
with barium the lumen of the constricted portion has become wider. 


(7) In amebiasis the mucosal relief of the 
involved portions is more or less regular 
while in cancer it is irregular (Fig. i , 1, 3, 4 
and 

(8) After vigorous anti-amebic treat- 
ment, follow-up examinations show a more 
or less complete restoration to normal. In a 
number of cases tlie site of stenosis can no 
longer be identified, while in otliers tlie lu- 
men has become enlarged, tlie response de- 
pending on the type of case, whetlier steno- 
sis was due to edema, proliferation of tissue 
or fibrous transformation of the granulation 
tissue (Fig. 6, ^ and B). 

While in the presence of obstruction due 
to malignant new-growtlt early operation 
is essential, the least supicion that stenosis 


may be due to amebae is an absolute con- 
traindication to operation. It should be 
borne in mind that laparotomy in case of 
latent amebic infection may endanger the 
patient's life and be a potential cause of 
deatli. 

We saw a patient on whom gastrectomy 
had been performed for duodenal ulcer and 
in whom a latent amebic infection flared up 
following operation. The patient died after 
a short period of fever. Autopsy revealed an 
amebic abscess of tlie liver in tlie neighbor- 
hood of the site of operation. We also saw 
a case of death after colostomy performed 
for the relief of amebic stenosis altliough 
usually the operative mortality for tliis oper- 
ation is negligible. 



Fig. 6. narro^ved area about 6 cm. long with normal mucosal relief in the middle of the transverse colon. 
By complete disappearance of stenosis after anti-amebic treatment. 
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Mention should be made of the fact that 
amebic granulation tissue may be radio- 
sensitive. In a case of extensive stenosis of 
tile transverse colon laparotomy revealed 
an inoperable cancer. The patient was 
theiefore given roentgen therapy following 
which tJie tumor disappeared and the nor- 
mal lumen was restored (Fig. 7 , ^ and 5). 


August, 1945 

(<^) the frequently gradual merging 
of tlie filling defect into the nor- 
mal contours of tlie intestine; 

(/) tlie partial maintenance of is- 
ticity^ of the intestinal wall in 
amebiasis evidenced by widening 
of the lumen upon introduction 
of barium; 



Fig. 7- very long (about 25 cm.) stenosed segment of the transverse colon. 5, complete restoration of normal 

conditions after roentgen treatment. 


COMMENT AND SUMMARY 

Roentgen examination is very helpful in 
tlie establishment of the diagnosis of ame- 
biasis of the colon. Roentgenologists should 
therefore be familiar with this condition 
and its roentgenological manifestations. 

(i) The Diffuse Type. The roentgenologi- 
cal appearance is not characteristic and re- 
sembles that of idiopatliic or ulcerative coli- 
tis. 

(a) The localized type is characterized 
by 

{a) the relative length of the stretch 
occupied by the filling defect of 
tlie colon; 

{b) tlie often multiple occurrence of 
obstruction of tlie lumen; 

(c) tlie incompleteness of the nar- 
rowing of the lumen as compared 
to malignant stenosis; 

{T) tlie insignificance or even absence 
of pain upon distention by the 
barium enema, in contrast to tlie 
■' acute pain of malignant stenosis; 


{•£) tile more or less normal mucosal 
relief in the involved portion, and 
(/?) the more or less complete restora- 
tion to normal after vigorous anti- 
amebic treatment. 
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THE SIGNIFICANCE OE CANNON’S POINT IN THE 
NORMAL AND ABNORMAL FUNCTIONS OF 

THE COLON* 

By JULIAN ARENDT, M.D. 

CHICAGO, ILLINOIS 


I F WE observe tlie form and filling of the 
normal colon twenty-four hours after a 
barium meal, we find an accidental form of 
haustration whereby the forces of kneading 
and propulsion have left tiieir imprint on 
tlie drying barium. There are zones of con- 
tinued filling and areas of intermissions, 
small balls and large sausage shaped rolled 
forms; and it is difficult, if not impossible, 
to analyze the forces which result in such an 
appearance. 

Occasionally, however, we see a roent- 
genogram, taken twenty-four hours after a 
barium meal or even immediately after a 
barium enema has been expelled, where tlie 
retained barium gives a clear view of the 
divisions involved and of the impulses 
working along tlie colon, just as cloud for- 
mations are indefinite and variable but tell 
the meteorologist the forces of wind and 
weatlier. 

We may note that tlie first part of the 
transverse and ascending colon up to a cer- 
tain point is contracted, while the second 
part and tlie descending colon are of nor- 
mal diameter (Fig. z). In another group of 
cases tlie reverse process is evident (Fig. 
i) : the ascending colon and the first part of 
the transverse colon are wide, the second 
part of the transverse colon and the de- 
scending colon are contracted. Not once or 
twice did we note such findings, but very 
frequently, after we were aware of tlie phe- 
nomenon. xAt times, however, we found in- 
stead of such a division only a contraction 
ring at a certain point (Fig. 3). 

This point where such change of diame- 
ter and function occurs can be easily estab- 
lished and we found it quite frequently at 
tlie right side of the spine between the first 
and second tliird of the transverse colon; 


never much farther distal than the middle 
third, never as far proximal as the right 
flexure. Such repeated observation con- 



Fig. I. Demarcation of Cannon’s point (arrow). 
Ascending and transverse colon wide up to Can- 
non’s point, transverse and descending colon con- 
tracted beginning at this point. 

vinces me tliat the point is of great func- 
tional significance. 

In preparation for animal experiments, I 
found the surprising fact that such animals 
as rabbits and cats not only occasionally 
show such a division of tlie colon, but that 
the division is regularly established is well 


* From the Dep.-irtnient of Roentgenology, Mt. Sinai Hospital, Chicago, Illinois. 
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Ftc a The reverse process; contraction of the first 
unit, notmnl wide second nearolog,cel 

unit. Cannon’s point clearly marked. 


known to experimental physiologists, and 
tTaemonstrated by Garry ,n a form 
which shows close analogy to the co 

” ThfSest observations concerning this 
phln^m:n» were -de by C^non -ho, 
experimenting on ’ tjon in the 

scribed m 1902 ,^j,ich divides the 

large bowel of th _ _ ) findings were 
colon into -0 

XA^i^rabbitsandlaterin^^ 

the same functions on 

colon and o^-ed ‘I ff- 
both sides ot it- ton ^ 

peristalsis in in the distal 

mentation and ball f 

part of the colon- Cas . ^^^^jp^^istalsis, ob- 

motility, peristalsis, contraction 

ring in man usuai y 


line in the transverse colon, confirming the 
earlier work of Cannon and adding many 
new observations which he presented at the 
Seventeenth International Congress of 
Medicine in London in 1913. He showed 
that the prevailing movement in the proxi- 
mal colon is antiperistalsis, the movement 
of waves backward towards the cecum, 
while the distal colon has as its characteris- 


tic motility an onward movement. 

These important findings seemed to be 
neglected during the following yeans, prob- 
ably because it was felt they were of no clin- 
ical significance. Only once in discussing 
several other “sphincters” along the colon 
does Balli mention that area as another 
sphincter location. It is my opinion tliat 
most of these sphincters, with the possible 
exception of the ileocolic, are reflexes and 
do not have the anatomical structure ot a 

^^I’suSested that this significant point be 
in honor Oi 



, _f -nastic contraction at 
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tlie early observers and it is referred to as 
such in recent literature. In one fact of 
great significance I am departing, however, 
completely from the explanation given by 
Cannon, Boehm, and Balli. Cannon ob- 
served here a contraction ring; Boehm 
functional divisions between the first and 
second part of the colon of the cat; Buzzi 
and Balli described it vaguely as a sphinc- 
ter. No hypertrophy of muscle fibers or no 
accumulation of ganglion cells suggestive of 
a sphincter has ever been found in that 
area. Our own examinations over a long pe- 
riod of time have not shown anytliing 
which could remotely be interpreted as a 
sphincter and no explanation has ever been 
offered for tlie occurrence of such a contrac- 
tion ring in the midst of tlie easily passable 
transverse colon. 

The explanation we offer, based on roent- 
gen observations, is that it is the pivoting 
point of a change in nerve innervation be- 
tween tlie vagus and tlie pelvicus, and on 
the sympatlietic side between tlie splanch- 
nicus superior and inferior. The point where 
such change occurs has always been ques- 
tionable. The majority of writers hold tliat 



Fig. 4. The division of the colon in cats and rabbits 
into two units with Cannon’s point at 5 (from 
Garry). 6", cecum; U, proximal colon; V, distal 
colon. 

fibers of the vagus nerve down from, the 
celiac plexus follow the vessels and supply 
the small intestine, tlie ascending colon, 
and a questionable part of the transverse 
colon (Fig. 5). Fibers going from tlie right, 
dorsal vagus to the ascending and trans- 
verse colon are described by Delmax and 
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Laux, and by Jayle and Cabanac. But just 
how far down such innervation goes could 
not be made clear by the anatomical or any 
other method. That the lower part of the 
colon and the rectum receives its innerva- 
tion from the plexus sacralis and the pelvic 



Fig. 5. Schematic drawing of the coordinated or at 
times antagonistic colon innervation. 

nerve is more uniformly acknowledged. The 
only question and one which has been much 
debated was tlie exact location of the in- 
nervation. Is it at the rectum, as some au- 
thors have tliought, or at tlie ileojejunal 
flexure, or somewhere in between? Our 
roentgenological observations make it ap- 
pear vejy probable that Can 7 i 07 is pomt is 
where such a shift takes place. 
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Fig. 6. Clear example of demarcation of the two Fig. 7* Observation of the reverse process: first 
neurological units: the first one (vagus) con- neurological entity wide, second contracted, the 
tracted, the second one of normal width. pivoting point being Cannon’s point. 
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Figs. 8 and 9. Further examples of the antagonistic mnervations, transition at Cannons jy 
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In order to appear visible in roentgeno- 
gramsj an antagonism between botli spheres 
of influence must occur; either the distal 
part has to be wide and relaxed and the 
proximal part has to be contractedj or the 
reverse must be tlie case. The phenomenon 
of tlie contraction ring, misintei*preted as 
sphincter, permits the explanation of a 
critical reaction at tlie point of overlapping 
nerve impulses (Fig. 6-9) . 

Our roentgenological observation finds 
its support in embryology where tlie as- 
cending colon witli tlie large cecum and part 
of tlie transverse colon participate in the 
formation of tlie umbilical loop and have a 
common blood supply from the superior 
mesenteric artery, while the descending 
colon, a segment of the transverse colon, 
the sigmoid and the rectum receive their 
blood supply from the inferior mesenteric 
artery. It was Testus-Latarget who stated 
tlrat embryologically tire nerve innervation 
follows the blood supply. 

So it is of no more dian academic impor- 
tance, especially for the roentgenologist, how 
much of the large bowel we call ascending, 
transverse and descending colon; it is more 
important to know that there are two dis- 
tinct nerve and blood supply units, the 
point of transition of the extrinsic nerve 
impulses being Cannon’s point, as we be- 
lieve. Not only do peristaltic waves flatten 
out or reverse tliemselves at tliis point, but 
it is the proximal part of the colon which is 
die relatively quiet part of the colon, while 
beyond Cannon’s point die great driving 
movements have their origin. 

The knowledge of such a functional an- 
tagonism is of great clinical significance: 

(i) In the e:>^lanation of diat type of con- 
stipation which has been called the ascend- 
ing colon type. The characteristic of this 
type of constipation on roentgenograms is 
die long delay of die barium propulsion be- 
yond the ascending colon. But such a care- 
ful observer as Stierlin mentions and 
stresses diat die head of die barium column 
is frequently arrested somewhat distal to 
the right flexure. 


In order to liave normal movement and 
propulsion, both neurological units have to 
be correctly charged (to use a term of 
electricity) with the correct nerve impulse. 
If the first unit is positive — that is, in con- 
traction — and die second unit wide and re- 
ceptive, there is no delay at Cannon’s point 
and therefore normal propulsion; if, how- 
ever, the second unit is contracted and die 
first unit does not have the necessary strong 
impulse, we might find the frequently ob- 
served and unexplained antiperistalsis and 
as it subsides we find the resulting constipa- 
tion of the ascending colon. 

The observations of Mony and Vernet 
that kidney stones are frequently accom- 
panied by constipation and very painful 
spasm and contraction of the descending 
and transverse colon are well explained as 
intestinal reflexes due to the close associa- 
tion between the pelvic nerve and the blad- 
der and kidney innervation causing such a 
blocking impulse on the second neurological 
unit. 

(2) It is significant that certain affections 
of the colon, even ulcerative colitis, are fre- 
quently confined to the second neurological 
and blood supply unit. We frequently state 
that the descending colon is involved, and 
the ascending colon is normal; but again, 
quoting an autopsy report from Stierlin’s 
classical work, we find him describing a se- 
vere ulcerative colitis: “Ascending colon 
and proximal half of tlie transverse colon 
are normal, ulcers with undermined edges 
begin at die middle part of the transverse 
colon.” We find many more such examples 
in the older literature, not so much, how- 
ever, in recent literature, as these observa- 
tions of an earlier era have been forgotten. 
In contrast, tuberculosis involves to a 
greater extent the first unit and causes 
spasticity and filling defects (Stierlin’s 
sign), in the entire vagus unit frequently 
beyond die area of invoNement. 

(3) It is important in the operation for 
megacolon. The extent and the localization 
of the involvement are especially important 
in the choice of the operation. We know 
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that the complete elimination of the para- 
sympathetic nerves results experimentally 
in megacolon, Wade and Rovle first used 
sympathectomy in a ten year old child as 
treatment for megacolon, while Rankin and 
Learmonth introduced the operation of the 
sympathetic fibers collected in the plexus 
mesenteric inferior and plexus hvpocastnc, 
thus doing a partial sympathectomy in- 
stead of a radical, if only the upper abnor- 
mal colon was involved up to the right flex- 
ure; and, as we have demonstrated, some- 
what beyond it the sympathetic innerva- 
tion comes down from the prevertebral 
ganglia of the sixth low'er thoracic segments 
collected in the celiac ganglion, while the 
transverse and descending colon, and rec- 
tum receive their sympathetic innervation 
from the lumbar segments collected in the 
inferior mesenteric ganglion. 

Thus we distinguish according to Passler 
three groups of megacolon: (i) v/ithout in- 
volvement of the descending colon, sig- 
moid, and rectum, zc//A inncrcation from the 
mesenteric plexus, superior; (i) the descend- 
ing colon and the sigmoid involved, but not 
the rectum, with inncnation from the mesen- 
teric plexus, inferior (with anastomosis from 
the superior plexus); (3) the megarectum 
and bladder with imwvation from the hypo- 
gastric plexus. 

For the first group Passler advocates ,Ad- 
son’s operation of bilateral resection of the 
lumbar ganglia, but operation of the 
mesenteric plexus, inferior and hypogastric 
plexus is unnecessar>\ The second group 
should have the Rankin-Learmonth opera- 
tion. The third group, involving rectum 
and bladder, should have resection of the 


.'poeastric plexus, , , , 

Thus our roentgenological ohscn-ation, 
hile confirming the frequent occurrence of 
contraction ring at Cannon’s point as seen 
• earlier observers {Boehm, Casej, sho\^> 
St as frequently a different degree oi con- 
action of the colon on l>o!h s.iks of f he.i 
.int .nnd indiente^ m our -’fn'™; 
is point is nor the location o. a 
an incidental activated spa^m, huf ..n 


important point of transition tjf the 
extrinsic innervation, 

_ rhe general conception of a rscuroiocica! 
division of the colon int<i two or three un!!^ 
visible in roentgenograms, which 
either harmonize or antagonize tine rvo 
other, appears important to the sarm-or; 
well as to the roentgenologist and intern;.:. 

Beyond such immediate usefulness, it i. 
one more observation of a living orga?; in 
its function rather than its form. The pres- 
ent-day and future task of the roentgeno! k 
gist is the study of function rather than *.*' 
form. Instead of the still life picture of th-. 
heart, stomach, and colon xvc will have jn 
the future the cincrocntgcnographrc and 
telescopic picture of tlje complete hmcfie-n 
of these organs. Disturbed function pre- 
cedes deformity, Iwmction, on the other 
hand, has many possibilities of fulfillnu'iv. 
under various forms, 7 'he colon is csjhm.iH’i' 
rich in variations, which to a large extent 
are efficient in function. If the anatfimo: 
Bosch is reported to iiavc said he never 
a norma! colon, he was not h.mughr up in 
rhe scliool of the anatomin anjmat.i of 1 ..; 
mark and Haller. It is function which I'c- 
ates and changes forms. If v.-c ever hope m 
make an early diagnosis and ins'ti;t!t<y}w 
cient cure, it will be tlirough finer metiio,'- 
of obsendng di.sturhcd function o-eri:- 
trcnologically and otherwise. 

Sr.MMARV 

I. A point in the proximal nod-dc-rd ■ ‘ 
the transverse colon, 'p • 

contraction ring in tiic Urn'r. hove, p- 
mals, first de'-crihed by Cann-'w., ?- c.- 
found in man. It of chnipl ami O'pv 
genologica! significance and ' : • v - ■ • - 

Cannoh'spoint. _ ^ 

Our roentgenoiogwai onwrv.jw- 
dicatc that if the jnvotuu: p-'cp’ o -p 

vavus-pelvicu. andpd tor x; 
ncrvariori.fhnsdivrinwja^-p' ; yp'; 

disfincr neiirohph;Hp;nim pp • ^ 

frin-JC inniTvata^n P ^ 

' To be vidhb io f.-aw-rrv;/- ■' 
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Significance of Cannon’s Point 

O 


antagonism between both neurological units 
is necessary; if the nerve impulses in botli 
divisions are the same, no demarcation can 
be expected; if they are antagonistic, how- 
ever, the division is clearly visible. Instead 
of tlie antagonism we sometimes see in the 
case of overlapping impulses a contraction 
ring caused by intrinsic nerve impulses. 

4. Both units may be liarmonious or an- 
tagonistic. Spastic contraction of the sec- 
ond unit is a frequent cause of constipation 
in tlie ascending colon and is best treated 
by antispasmodics. 

5. The proper knowledge of tlie neuro- 
logical units is important in differentiation 
and choice of the operative metl\od of the 
different types of megacolon. 
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skeletal metastases in cancer of the brmsi 

Sy JEAN BOUCHARD, M,D„ D.M,R.E. (CmtEb.) 

MONTREAL, CA.Ve\DA 

^ caLes Complete regSon of mam- )iK™ti,rc. very few 

ln,f 

longed” (Ewing).= Freid’ published their findings in Si 

Tnn mflMAr rotioc f r r i Cases. Geschickter and Copeland' reported 

wifh W 1 ^ ^ obtained in 34 cases. The 

with skeletal metastases are considered best paper on tlie subject, in mv opinion, 

totally hopeless and doomed to death at an is that of Wulff,” of Lund, Sweden, dealing 
early date no matter what one might at- with 44 cases treated between 1929 and 
tempt in the way of treatment. Such an at- 1937. The only criticism that one coiihi 
titude seems to be unjustifiable. make with regard to Wulff’s paper is tli.ir 

A critical study of a series of consecutive he included the cases of patients still livinc, 
cases of cancer of the breast showing un- witii the result that some of his figures were 
questionable evidence of osseous neoplastic not final; To avoid that pitfall, I have con- 
involvement, with particular reference to fined the present study to an analysis of but 
the value of palliative therapy, is reported 24 of the 37 cases wliich have been treated 
here in support of this argument. ' in the Department of Radiology of the 

Since 1938, 180 cases of cancer of the Royal Victoria Hospital .'since J93B, and 
breast, in various stages, have been treated have not included any eviio still .survive, 
in the Department of Radiolog}^ at tlie 
Royal Victoria Hospital. Among these 
cases, 37 showed definite evidence of skele- 
tal metastases, roentgenographicaliy, with 
a total mortality of 24 up to the present 
time. As the majority of the whole series 
are still living, we do not believe sufficient 
time has elapsed to use tlio.se figures to es- 
tablish a morbiditr^ rate with skeletal me- favor of that of l^orrmann* ' wmen rs nvuc 
tastases. Ewing= has reported tliat Gross accurate anpog.cal, as it is hased not on 
found the incidence to be 20.5 per cent in a on dmical, but also on patholngica. nn - 
series of 423 autopsies, while JCaufman "J&s. I his permits a more precHeaj)^ -^ 
found <2 o per cent in 63 autopsies. I am tioii as to the exieiir of the t isc. < 
SV Fed that die-’lirst fi'gure is too ample, 

low and die latter too high; Ac mean would ,7 " , ,3, . 

probably be dose to reality. Repeated '""^"ioi. of distanf 

routine roentgenographlc examiiiatinns m a v ithoiit rcg.srd <» Ac <!ccrcc -I 

large series of cases should prove to be a " ” 'i' 

definite adjunct to postmorten. m'am.na- ' 

tions in determining such morbidu,* Kite. 


CI.AS.S1FJCATI0.V OK CASF.S 

Bearing in mind that a very exact and 
accurate classification of cases is e.'^seMf.'al 
in the study of carcinoma of the breast, 
considerable care and attention has been 
devoted to that matter. The old clasdfia' 
tion of Stcinthal iias been discarded in 
favor of that of Fortmanid" wliich is rrvirc 
- - oniv 


H.-isdincatifin arc .'v- 


* From tlic DcVdrtmt:.n 


iDt of KMn- of K<^«! Vk«r-.. 
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Group I 

{a) Tumor definitely' localized to the breast 
and movable; 

{b) Skin not involved; 

(r) Metastases not present in axillary lymph 
glands. 

Group II 

(a) Tumor localized to the breast and mov- 
able: 

(/->) Skin not affected (or only very slightly 
edematons or ulcerated) ; 

(c) Metastases present in axillary lymph 
glands but few involved. 

Group III 

ia) Tumor diffusely involving the breast; 

{b) Skin involved (edematous, ulcerated), 
multiple nodules) : 

{c) Metastases to numerous axillary lymph 
glands or to other tissue (supraclavicular 
nodes, lungs, bones, etc.). 

Cases have been classified as indicated 
in Table 1 according to tlie clinical, 
patliological and roentgenographic findings. 
As one would logically expect, it is in tlie 
Group II and iii cases that skeletal metas- 
tases are most frequent. One case could not 
be classified due to tlie lack of complete 
data. 

T.4BLE I 

CLIXICAL AND PATHOLOGICAL CLASSIFICATION 


Group 

(portm.ann) 

No. of Cases 

Per Cent 

I 

3 

12.5 

II 

9 

o7-5 

in 

11 

45.8 

Unclussifiable 

I 

4.2 

Total 

^4 

100.0 


LOCATION OF THE PRIMARY TUMOR 

It is tlie general experience tliat die left 
breast is more often involved than die 
right. Our series is in accord with diis, since 
in 13 of die 24 patients the primary lesion 
was in die left breast. 

Not a single case was bilateral from die 
onset, aldiough extension to the opposite 
breast occurred in 5 cases. Two of these 
presented die so-called “inflammatory” 
type of carcinoma. Anodier had a right 


radical mastectomy sixteen years before 
the appearance of cancer in die left breast 
widiout any evidence of local recurrence or 
distant metastasis in die interval. 

For die purpose of die present discus- 
sion, it is considered that any cancer devel- 
oping in die opposite breast ten years or 
more after the first is an entirely new 
growth having no direct relationship what- 
soever widi die previous contralateral car- 
cinoma. For the above reason, in our analy- 
sis die skeletal metastases are assumed to 
be related only to the carcinoma of die left 
breast in the case just mentioned. 

So far as I can determine, there is no ap- 
preciable connection between the location 
of die primary tumor in the breast itself 
and the incidence of skeletal metastases. In 
odier words, the frequency of dissemination 
of neoplastic cells to bone bears no signifi- 
cant relationship to the quadrant of the 
breast in which die primary tumor may 
have originated. 

PATHOLOGY 

Biopsy of die primary tumor was taken 
in 5: cases only. However, unquestionable 
proof of cancer was obtained in all die 
odier cases from the microscopic examina- 
tion of surgical specimens. Our padiological 
material does not permit us to infer that 
skeletal metastases are more frequent with 
one histopatliological type of tumor dian 
with another. The rate of growth, degree of 
anaplasia, and extent of the padiological 
process in the breast and its draining 
lymphatics seem to be more indicative his- 
topathological findings as to the probabil- 
ity of subsequent or ultimate skeletal in- 
volvement than the type of tumor. Lenz 
and Freid® attach primary importance to 
the padiological grading as an indication of 
the degree of malignancy by a correlation 
of grading on the one hand, and the prog- 
nosis or survival, on the other. 

The histopadiologic proof of osseous 
metastases has become available in only 3 
cases by means of postmortem examina- 
tion. For all our patients roentgenographic 
evidence as ivell as die clinical course was 
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AlOlST, 1945 


required to establish a diagnosis of skeletal 
metastases. 

AGE FACTOR 

The age factor does not seem to play any 
important role in regard to the incidence of 
bone lesions. The age varies from twenty- 
four to seventy-seven years at the apparent 
onset of the tumor. The average age for all 
cases was 44.4 years. 

Table II 

grouping of patients according to age at 
ONSET OF tumor 


which the inten^al has lieen exceptionally 
long, that is nine and seventeen years re- 
spective!}', we find a mean interval of thir- 
ty-four months. The latter figure, I believe, 
is more factual than the former, and should 
be retained in preference. Table iii also 
indicates that skeletal metastases would 
appear to occur earlier in the twenty to 
thirty year age group than in any otlier. 
This was to be expected as we know that 
cancer in that decade of life is usually more 
malignant and evolves more rapidly. 

Table III 


Decade 

20-30 

30-40 

40-50 

50-80 

Age unknown 
Total 


No. of Cases 
2 
6 

10 

5 

1 

24 


Per Cent 

8.5 

25.0 

4^-3 

21 .0 
4.2 


100.0 


Grouping patients by decades of age (Ta- 
ble 11) does not indicate m any way that 
metastases to bone occur more often m 
younger than in older patients. The rate of 

frequency merely "juT as 

incidence of cancer of the breast. J 

fs®L®rinTthat decade that we find the high- 
est incidence of skeletal metastases. 

.... nCTWEEN ONSET OF PRIMARY 

ano -bntcenoo^aphic evi- 
dence OF SKELETAL METASTASE 

/■ . ^ y' 


The exact date 

almost impopible “ ; the time 

if tve take ‘*y;^=f"Siced the pres- 
at which a patien i^g tumor on the 

ence in the bre^t of § ^ |„ographic ex- 

one hand, “d * demonstrated evidence 
amination has first ob- 

of skeletal metastases 

tain some mKpsfmg d ent onset 

The interval beyy™ neoplastic 

of the breast tumor t ^iree months 

tln^ySm' The mean interval for v,. !’;d>’:S:as£ d.c 

3 - V'% S3”- S 

months. Howeve , 


average interval in months BETWEE.V KNOB-.V ok- 
SET OF primary GROB’TH AND ROENTGENOGRAPHIC 
EVIDENCE OF SKELETAL .METASTASES 

Interval varies from 3 months to 17 years 

Decade 

20-30 

42-0 

30-40 

50-80 4 b-- 

Gross mean interval: 45.3 months 
Net mean interval: 34 -o months 

Analysis of the above data perm^'^ m 

'"k exposed ‘'"’S''', f 

Ltastases, the longer tlie surviva . 

incidence and order Of involve- 
aMENT OF I50KES 

Thepredominance of mvd 

that Jt is due regional mode 

mainly in relations! P J,pe „f nco- 

of extension ot that pa 
plasm. . j rate of incident 

Table JV arts of the ske e- 

of metastases ‘ 4’jiere seems to be 

ton in our senes of ^^^re of •nci- 

a close Pf f tr in time in ^vb>ch tb^' 
dence and the Generally " 

same bones are m „i.,rivelv in accord- 
our figures diets. I-Vom 
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sity of a systematic and careful investiga- 
tion for bone involvement in cancer of the 
breast especially in pelvis, lumbosacral ver- 
tebrae, ribs, dorsal vertebrae and femora. 
Skeletal metastases below the elbow and 
knee have not been found in the present 
series. Although a few cases have been re- 


Table IV 

INCIDEKCE AND ORDER OF INVOLVEMENT 
OF VARIOUS BONES 



Per 


Per 


Cent 


Cent 

Pelvic bones 

75.0 

Cervical vertebrae 

33-0 

Lumbosacral 


Skull 

25.0 

vertebrae 

71 .0 

Scapula 

25 .0 

Ribs 

71 .0 

Humerus 


Dorsal vertebrae 

62.5 

Clavicle 

8-3 

Femur 

54.0 

Sternum 

8.3 


ported in tlie literature by Lenz and 
Freid,® Copeland,"* Carnett and Howell,^ as 
well as Clarkson and Barker,^ they are ex- 
ceptional. 

ROENTGENOGRAPHIC ASPECT OF 
OSSEOUS LESIONS 

Bone metastases from cancer of tlie 
breast when first discovered are sometimes 
single, but more often multiple lesions. 
Eventually they nearly always become 
multiple. 

There are three general types: 

(1) The osteolytic type seems to be by far 
tlie most common when first discovered, 
since we observed that character of bone 
change in 75 per cent of the cases. The le- 
sion is characterized by areas of bone ero- 
sion witli complete destruction of trabeculae 
developing in eitlier the spongiosa or the 
cortex, depending upon the bone involved. 
The destructive process may be more or 
less diffuse in appearance, or be sharply cir- 
cumscribed as though the bone had been 
punched out (Fig. \A^ 2yf, 3^, 4/f and 8yf). 

(2) The osteoblastic type presents an en- 
tirely different picture. Roentgenograms 
show areas of markedly increased density 
in which the bone trabeculae are no longer 
identifiable and seem to have been replaced 
witli abundant calcium salts and sclerotic 
tissue. The true osteoblastic type has been 


found as the first manifestation of skeletal 
metastasis in only 8.3 per cent of our 
patients (Fig. 5, 7^, 8yf and 9). 

(3) The osteolytic-osteoblastic type of le- 
sion is an intricate blending of tlie other 
two. It shows on roentgenograms as islands 
of bone destruction surrounded with rings 
or strands of very dense and coarse bone. 
We have observed tliat appearance on tlie 
initial roentgenographic examination show- 
ing distant neoplastic involvement in 16.7 
per cent of the cases (Fig. 6). 

We may find any of the three types of 
lesions in the same patient on subsequent 
examination throughout the course of the 
disease. 

Table V 


ROENTGENOGRAPHIC ASPECT OF OSSEOUS 
METASTATIC LESIONS 


Type of Lesion 

No. of Cases 

Per Cent 

Osteolytic 

18 

75.0 

Osteoblastic 

2 

8.3 

Osteolytic-osteoblastic 

4 

16.7 

Total 

24 

100.0 


Wulff,**- basing his opinion on the work 
done by Hellner and Axhausen (who dem- 
onstrated that microscopically every bone 
tumor eitlier primary or secondary is at tlie 
beginning osteolytic in type), has written 
that if all cases of skeletal metastases were 
examined roentgenologically early enough, 
and if the neoplastic foci were sufficiently 
large the osteolytic type of lesion would al- 
ways be found. The otlier types would only 
show later in the course of the disease. 
Wulff** also postulates that tlie osteoblastic 
predominance in any lesion is an indication 
that the bone lesion is growing slowly. This 
agrees with our observations and experi- 
ence. 

DIAGNOSIS 

The majority of the cases have clinical 
symptoms which give rise to suspicion tliat 
metastases exist in bone. The usual com- 
plaint was “rheumatic” or “neuralgic” 
pains, often of tlie referred type. In some 
cases tliere was no complaint of pain, but a 
thorough ph5"sical examination for follow- 
up pui-poses had revealed the presence of 
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local tenderness,^ Subsequent roentmio- 
graphic examination demonstrated definite 
evidence of secondary neoplastic lesions. 
As with other authors, we often obsen^cd 
that sometimes pain precedes by several 
rnonths the roentgenographic confirmation 
of skeletal metastases. As m X>enz and 
Freid s series,^ we also noticed that when- 
ever metastases develop in regions of the 
skeleton where the natural bodv weight 
and muscular traction are more pronounced 
the pain is shaiper and comes on earlier. 

In a few exceptional cases which mani- 
fested no clinical symptoms or signs what- 
soever of bone metastasis, the diagnosis 
was established by means of the routine 
roentgen examination made to determine 
\^hether or not the skeleton was involved. 
In any patient with local recurrences or 
regional metastases, the possibility of bone 
involvement by neoplastic cells in the proc- 
ess of dissemination must be considered 
and searched for. 

Occasionally the incidental finding of an 
unsuspected skeletal metastatic lesion will 
lead to the di.scovery of cancer of the breast 
itself. One of our patients had been com- 
plaining of sciatic pain, and for eight 
montlis before coming to the Royal Vic- 
toria Hospital had received treatment with- 
out any improt^ement. Roentgenograms 
made on admission demonstrated in the 
pelvis and right femur bone lesions resem- 
bling metastases, Search for the pnmary re- 
vealed a small cancer in the right l)renst. 


PRINCIPAL AS.'^OCIATLO .ML I A^ (.•iSRS 

In 17 of the ^4 cases, i.e. 62.5 per cent, 
skeletal lesions were the first metastases to 
be found and the only ones demonstrable 
for some time. Two patients only, tJmt is 
8 1 per cent, never at anv nmc shov.cc. .un 
ajireciable evidence ot el^- 

;4erc save in the skeleton, Irorn a carchd 
studv of the history of each iniurKm.'tl 
itk gained d,e dednirc -'F-y-n 
so long as eerra.n oti.er ine^j. - 

associated udri, ..H, sc r., . n . 

potency,, no, 

he incbncu vO icii. 


\ 






^ vrpujttMi/farv nr /iCi> 

tastases causes the prognosis n-- si-.,,., 
progressivch-. Cerehraf t 

in generalized ant! rapidlv cnohh;;; 
cinomatosis, do not necessarily 
the end i.s approaching.. One such p;i 
sm A i\ ed in reiat!\''el\'^ cchhi 
almost a }'ear in .spite of cerebral and 
tebral metastases with the he’ipofp:3!l! 
roentgen tlierap)-, 'Fhc final ami r.ii’bj 
rogre.s.si\'c course occupied nnlv 3 n'lt 
It is not possible to estahlidi any pv 
or order in time of incidence of the fnit; 
associated metastases in cinuradistim 
to the pattern ot .skeletal itnoivenu-nt. 

d'he rate of incidence hits been tafnil 
in I'ahle vj. 

TAnt.r. Vf 
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One mav v/ell wonder it there can o ' 
rclationsliip between the ificiu-cnee o! 
tai metastases anri any sck:cre<: ni’.m-' 
treatment oi the primary ii^ c: 
group. In our seric-sst'ch pon-d fy S-' 
po.ssiidc to establish m anew ot rhr ■ 
ton many varietky and ^ nnibrn-iO-eo 
treatment of the priitiary tum'-r ,f-i , 
used. 
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F.o . C-,se. A osteolytic lesion in the right Ilium as Indicated by bl»ck arrows. 5. osteoblnstic repair seven 

inc. I. C.ase i. A, osteoi) menteen therapy (6,8oo r). 


eroup but had both subjective and objec- 
tive improvement of skeletal metastases. 
This, in my opinion, is an argument against 
tire use of surgery in patients of that group, 
and suggests tlie value of suitable roentgen 
dierapy. 

TREATMENT OT SKELETAL METASTASES 
AND RESULTS 

Roentgen therapy was administered as a 
palliative measure for tlie skeletal metas- 
tases to 23 of tlie 24 patients. The following 
technical factors were used; 200 kv., 50 cm. 
focal skin distance, and i.o or 2.0 mm. Cu 
filter. Depending on which filter we used, 
the half-value layer was 1.35 
Cu, and the effective wave length 0.13 or 
o.ii A° respectively. The size and number 
of fields varied witli the region to be 
treated. Daily doses of 150 r per field were 
given, two fields usually being treated at 
each session, up to a total dose of 2,000 to 
4,000 r, measured in air. 


The results of treatment can be classified 
in tliree categories (Wulff)d’' First, the 
negative results in which neitlier relief of 
pain nor improvement of the roentgeno- 
logic signs was accomplished during the 
weeks and montlis following administra- 
tion of the treatment (Case v). Survival 
periods for this group of cases varied be- 
tween three and twenty-four months, the 
average being 9.3 months. Eight of our 
patients, i.e. 34.8 per cent, fall in tins cate- 
gory. Incidentally, we noted tliat the same 
patients did not respond more favorably to 

any other form of tlierapy. ^ 1 ■ i 

The second category is tliat in which a 
definite subjective improvement was ob- 
served. Pain was obviously relieved, as a 
rule, after tlie first four to six doses, and 
subsequently disappeared completely for 
weeks and montlis. In many of these cases 
furtlier roentgen irradiation was given suc- 
cessfully two or three times for recurrent 
symptoms. Nevertheless, no appreciable 
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August, 


change in the initial roentgenologic aspect 
of the bone lesions could be demonstrated. 
In spite of tlie relief of pain, the progression 
of the disease would not seem to have been 
materially affected or checked, although 
tlie average survival of 13.6 months for this 
group was longer tlian the former. Individ- 
ual survival periods varied between six 
and twenty-five months. Nine of our .pa- 
tients, i.e. 39.1 per cent, showed subjective 
improvement only. If, on the other hand, 
we include patients of the following cate- 
gory who also experienced subjective im- 
provement, we arrive at a total of 15, or 
65.2 per cent, of all the cases. 

The third, or last, category, and perhaps 
the most interesting, includes the cases in 
which not only pain was relieved but also 
unquestionable roentgenographic evidence 
of objective improvement was observed. 
Further extension of the initial destructive 
bone lesions stopped and the area gradually 
became denser (Fig. i, and B), with, in 
some cases, eventual excessive recalcifica- 
tlon (Fig. 2, J, B and C). Often, as also 
observed and described by Adair^ and by 
Wulff,” the punched out areas filled pro- 


gressively from the periphery toward the 
center, tlie latter remaining radiolucent for 
a longer time before finally filling with cal- 
cium salts (Fig. 4, A and B). In other 
words, depending on its initial type, the 
skeletal lesion passes successively from the 
osteolytic to the osteolytic-osteoblastic 
phase and then may take on the osteo- 
blastic appearance. In a few cases, as 
emphasized by Wulff, the bone reaction 
goes one step farther, and apparent healing 
occurs (Fig. 3, Ay B and C). The lesion 
which eidier initially appeared or, follow- 
ing roentgen treatment, gradually became 
osteoblastic in type, may regress and de- 
crease in density with eventually partial to 
complete reorganization of bone trabeculae 
(Fig. 7, A and B, and 9, A and B). Roent- 
genologically, we have observed that it 
usually takes at least two months, from the 
beginning of administration of roentgen 
therapy, before any definite evidence of 
bone repair appears. Optimum healing may 
require an interval of six to twelve months, 
as in Case ill (Fig. 3, A, B and C). Six cases, 
or 26.1 per cent, were to be classified in this 
third category. The average survival is 
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Fig. 3. Case iii. A, May, I939- Large destructive metastasis in shaft of right femur. Roentgen therapy was 
used vith a total dose of i,Soo r only. 5 , July, 1940. Complete and exaggerated repair reaction at the 
osteoblastic stage. C, January, 1940. Restitutio ad hitep-tm, which has persisted. 


17.5 montlis while the individual cases vary 
from eight to twenty-nine months (Cases 
I, II, in, IV, VI and vii). 

At this point we must state tliat roentgen 
irradiation may not deserve all tlie credit 
for objective improvement observed follow- 
ing this treatment. We have found many 
instances in which lesions spontaneously 
passed from the osteolytic to the osteo- 
blastic phase (Fig. 5). All one can say in 
regard to the role of irradiation is that it 


*■ "SB***' 



probably reduces or prevents furtlier activ- 
ity of tlie neoplasm, witli the resultant nor- 
mal reparative reaction in the involved 
bone. Altliough spontaneous restitutio ad 
integrwn in bone metastases of such cases 
may occur, we believe that beyond the 
osteoblastic phase any appreciable degree 
of bone regeneration may be attributed to 
die irradiation administered. 

As an additional dierapeutic measure, in 
3 cases the pituitary and ovaries were given 



hiG. .1. Case iv. multiple punched out areas of bone due to metastases in iliac bones and left sacroiliac 
region. 5, marked osteoblastic reaction indicating healing seven months after roentgen therapy (4,000 r). 
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Fig. 5. Case iv. Osteoblastic reaction which occurred 
spontaneously, i.e. without roentgen irradiation, 
and followed osteolytic changes in the fourth dorsal 
vertebra. 

roentgen irradiation without any appreci- 
able effect on the evolution of the meta- 
static lesions in bone. 

If we analyze the results for the different 
groups (Table viii), we find that 2 of the 3 
cases in Group i have benefited by irradia- 


tion; in Group 11/8 (Cases i, 11, iv and vji) 
out of 9, although in Group iii, only 5 
patients out of 1 1 (Case vi) obtained some 
degree of improvement. Complete palliation 
often is not possible because of the wide- 
spread disease in this group. The patients 
classified in Group 11 responded better than 
those in the other groups, since 4 of 9 were 
notonly relieved of theirpain butalso showed 
roentgenograph ic evidence of bone repair. 



Fig. 6 . Case v. Extensive osteolytic-osteoblastic 
changes involving the thoracic cage, spine an 
shoulder girdle. Roentgen therapy was of no aval . 


Tabi.e viii 


DEGREE or PALLIATION 


I 

I 

None 

Subjective improvement 
Subjective and objective improvement 

Total 


EFFECTED BY ROENTGEN' THERAPI 


(23 Cases) 

No. of Cases 


Group Total 

n m 



Apparent 

Survival 

in 

Per Cent Months 


26.1 G-i 

100.0 


.3 


V 
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Fig. 7. Case vi. iMay, 1939- Third cervical vertebra initially showing a pure osteoblastic appearance. 
Patient had been complaining of occipital pain for a year, li, March, 194I. Partial regression of osteo- 
blastic reaction with some reorganization of bone trabeculae, following five series of roentgen treatments. 


CASE REPORTS 

Case i. Mrs. M. P., aged seventy-two, found 
a lump in her right breast in July, 1938. Radical 
mastectomy on October, 1938, revealed carci- 
noma solidum scirrhous with involvement of 
axillary glands (Group 11). Postoperative roent- 
gen therapy of breast (3,500 r) \vas given. Pain 
in both iliac bones and right hip in April, 1941, 
when roentgenograms showed a large osteolytic 
lesion in right ilium and other lesions in dorso- 
lumbar vertebrae and right femur. Roentgen 
irradiation wnth 6,800 r to right ilium induced 
complete relief of pain in less than two weeks. 
Cutaneous metastases (breast) in October, 
1941, \vere treated locally with radium. Films 
in January, 1942,, demonstrated marked bone 
repair in right ilium, but extension of metas- 
tases to ribs, dorsolumbar spine and left femur. 
Irradiation of spine and left femur again af- 
forded relief of pain. Although invalided, she 
was moderately comfortable from July, 1942, 
tmtil her death on November ai, 1942. 


Case ii. Mrs. A. H., aged forty-four, dis- 
covered a small nodule in the left breast in June, 
1937. Rndical mastectomy without dissection 
of axilla was done a month later, followed by 
postoperative roentgen therapy to the breast 
area, and irradiation of the ovaries to induce an 
artificial menopause. Pain in the left hip pre- 
ceded by several months the demonstration of 
an osteolytic lesion in the left acetabulum in 
April, 1940. A total dose of roentgen radiation 
of 5,450 r afforded complete relief of pain. A 
roentgenogram made in October, 1940, showed 
bone repair and changes to the osteolytic- 
osteoblastic t}^e. However, by June, 1941, 
progressive increase in density of the left ilium 
to a definite osteoblastic character was ac- 
companied by the development of other metas- 
tases in the lumbar spine and left femur. On 
October 2, 1941, without evidence of any local 
recurrence in the breast area or return of pain, 
she died of hepatic metastases after being in 
bed for only two weeks. 
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Case ni. Mrs. A. T,, at the age of thirty- 
seven, had a radical mastectomy in 1929 for 
cancer of the left breast. In November, 1938, 
and January, 1939, she was treated surgically 
for recurrences in the scar. Later, in March 
1941, the first skeletal metastases were found in 
the ribs and dorsal vertebrae with partial col- 
lapse of the fourth dorsal. The bone lesions were 
osteolytic in type, becoming osteoblastic after 
irradiation. Pain developed in the right knee in 
May, 1939, at which time a roentgen examina- 
tion revealed an area of marked destruction of 
bone in the proximal half of right femoral shaft. 
This lesion was irradiated with a dosage of 
1,500 r, and pain disappeared completely. Seven 
months later roentgenograms made elsewhere 
showed complete repair and healing of that le- 
sion. Other skeletal metastases have been 
treated from time to time. She is still living and 
comfortable, four years after the first skeletal 
metastasis was found (sixteen years after opera- 
tion), in spite of other cutaneous recurrences 
over the sternum. 

Case iv. E. C., female, unmarried, at the age 
of forty-two had a tumor in right breast for 
three years before a radical mastectomy in 
March, 1936 (Group n). Pain in hips on stand- 


Al'CI'ST, 194; 

ing came on six months later, and roentgen evi- 
dence of multiple osteolytic lesions in the pelvic 
bones was found. Roentgen therapy (4,000 r) 
induced early and complete relief of pain fol- 
lowed by complete repair with marked osteo- 
blastic reaction by May, 1937. In February, 

1938, further involvement was found in the 
dorsolumbar spine, especially osteolytic-osteo- 
blastic in the third lumbar. The fourth dorsal 
was showing signs of collapse and presented the 
osteoblastic type of lesion. Roentgen therapy 
again caused subjective and objective improve- 
ment. Patient died with general carcinomatosis, 
including cerebral metastases, on February 17, 

1939, having had intractable pain since October, 
1938. 

Case v. Mrs. V. S., at the age of thirty-one, 
December, 1937, felt a small tumor in her left 
breast. Second small mass in April, Jpj8. Pre- 
operative roentgen irradiation (6,000 r) after 
the latter, and radical mastectomy was followed 
sixteen months later by constricting thoracic 
pain and cutaneous metastases. Extensive 
osteolytic-osteoblastic lesions were present in 
the bony thorax and shoulder girdles. No im- 
provement of any kind was afforded bj' the 
irradiation. Death occurred December3i, 1939- 
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Fig. 9. Case vii. September, 1940. Osteoblastic lesion in proximal end of right femur treated with roentgen 
irradiation (4,100 r). B, March, 1941. Decreased density and normal character of trabeculae indicating 
bone repair. 


Case vi. Mrs. J. McR., then aged forty-four, 
first noticed a tumor in her left breast. In May, 
^ 939 } she first consulted the Outdoor Clinic for 
headache and occipital pain of one year dura- 
tion. No lesion was found in the skull, but the 
third cervical vertebra was markedly osteo- 
blastic. The breast tumor was treated with 
roentgen irradiation only, as the tumor was 
considered inoperable. Roentgen therapy to the 
cervical spine temporarily relieved the pain. 
Recurrence of the pain required multiple series 
of treatments. Two years later the third cervical 
was smoother in outline and not as dense. In 
November, 1940, she complained of lumbosacral 
pain, and an osteolytic lesion of the second 
lumbar as well as an osteoblastic lesion of the 
twelfth dorsal was found. Irradiation to the 
dorsolumbar area relieved the pain, and by 
March, 1941, there appeared to have been com- 
plete repair and healing in the second lumbar, 
while the twelfth dorsal had decreased in 
density and showed better texture. She died on 
June 30, 1941, exact cause unknown. 


Case vii. Mrs. B. M. had a small mass in the 
right breast in 1931, at the age of thirty-eight. 
A radical mastectomy was performed a month 
later. In 1938 a cutaneous recurrence was ex- 
cised and the region irradiated. Pulmonary 
metastases developed in June, 1940, and were 
treated by roentgen irradiation, with improve- 
ment. An osteoblastic lesion of the right femur 
appearing in September, 1940, with pain, was 
given roentgen therapy (4,100 r), followed by 
complete relief of pain. Bone repair in the 
nature of decreased density and more normal 
character of trabeculae had been achieved by 
March, 1941. She died in September, 1941, 
exact cause unknown. 

Case viii. Mrs. U. B. first noticed the 
eczematoid appearance of the skin over the left 
breast about August, 1934, at the age of fifty- 
five. This ulcerated six months later. In Decem- 
ber, 1936, when she first consulted her physi- 
cian, the tumor was large and considered 
inoperable. Biopsy confirmed the diagnosis of 
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Fig. 10. Case mii. A February 28, 1 939. Roentgenogram showing early repair of a pathological fracture of tiiv 
sixth r^ht nb, which occurred in January, 1939. Roentgen therapy to right thorax r). // .March i i 
1939. Healing is progressing rapidly with formation of an exuberant calhis. ’ 


carcinoma (carcinoma solidum). The local 
tumor was treated with both radium and roent- 
gen irradiation. In September, 1937, she com- 
plained of pain in the right hip. An osteolytic 
metastasis in the right femur was found, and 
subsequently given 6,000 r. Later the pelvic 
bones, vertebrae, ribs and left humerus showed 
metastases. Pathological fracture of the right 
sixth rib occurred in January, 1939, at the same 
time as pleural metastases. Irradiation of the 
right thorax (2,700 r) induced a good healing of 
the fracture. She died in July, 1939, having 
had constant pain and distre.ss in the terminal 
week. 

SURVIVAL WITH SKELETAL METASTASES 

attempt has been made to establish 
the survival rate in months for the various 
age groups, first, from the apparent onset 
of cancer, second, from the time of treat- 
ment of the primary tumor, and third, 
from the time ot appearance of metastases 
to bone. 


It seems that the age period cannnj he 
used as a prognostic base for survival cither 
from the time of an}' form of trcatmciu of 
the primary tumor or from that of the a)'- 
pearance of secondary lesions in hone. Also, 
tlic lapse of time between the apparent on- 
set of the tumor in the breast and the at'- 
plication of any form of treatment of the 
primary tumor does not offer any indica- 
tion as to the probable survival after the 
demonstration and treatment ot skeletal 
mctastasc.s. 

'I'Aiu.r, IX 

SVRVIVAI. IS MO'.’JlCs 



Onset of 

'rre.atmrnt Arjr-ir 

Decade 

Pnninry 

of Pr.'inarv ff 


Tumor 

Turner Me:.":' 

'20-30 

3.1 

iK.o 


53 ' ' 

v-*’ 

4<>- 

iif .3 
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50- So 

55.2 
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Some further interesting information 
may be gained from tlie data given in 
Table ix. The average survival from tlie 
appearance and treatment of skeletal me- 
tastases for all cases indiscriminately is 13.6 
months. Individual survivals range from 
between tliree and thirty-tliree montJis. 
The mean survival of the patients who were 
in the forty to fifty decade in 17.2 months. 
This figure is obviously higher than in any 
other age period. In view of this potential 
increased survival period, should such pa- 
tients with bone metastases from car- 
cinoma of tlie breast be abandoned to their 
fate without benefit of such relief and palli- 
ation which is available to them ? 


Table X 


SURVIVAL IX MOXTHS IX VARIOUS CLIXICAL GROUl'S 


Group 


I 

II 

III 


Interval between 
Onset of Primary 
Tumor and 
Metastases 


18.3 

37-7 

35-5 


Survival witli 
Skeletal 
Metastases 


7-4 

15-2 

14.6 


The average survival in patients of tlie 
twenty to diirty age period was 12.5 
montlis, which I am inclined to believe is 
somewhat high for tliat particular group. 
That may be due to the fact tliat we have 
only 2 patients falling in that decade of 
life, one of tliem having survived for 
twenty-two niontlis. Lenz and Freid, how- 
ever, believe that the prognosis is not neces- 
sarily grave in young individuals. Their 
figures, as ours noted above, suggest tliat 
the survival period with skeletal metastases 
depends more on tlie degree of malignancy 
as established from tlie histopatliological 
study of the primary tumor and its me- 
tastases than on tlie age of tlie patient. 

As We have already mentioned above, 
tliere is a certain relationship as to tlie in- 
terval between tlie appearance of tlie pri- 
mary tumor and tliat of bone metastases, 
for tlie various groups. Such parallelism, 
namely, the longer that interval tlie longer 
the survival, exists in an analysis by stage 
of disease as well. 


One may wonder to what extent the use 
of roentgen therapy may have contributed 
to lengthening the period of survival as 
well as to producing subjective or objective 
improvement. That could be established 
only by comparing a series of unirradiated 
cases. We do not have a comparable series 
of unirradiated cases. Nevertheless, let us 
assume that the efficiency of roentgen ther- 
apy may be expressed in terms of survival. 
Then Table viii clearly demonstrates that 
tlie longer the survival, tlie better the re- 
sults. Therefore we feel tliat we should be 
entitled to conclude that the use of roent- 
gen irradiation in skeletal metastases is 
beneficial to the patient and may prolong 
life. However, Geschickter and Copeland® 
showed tliat tlie use of roentgen therapy 
was responsible for an increase of survival 
rang ng from 6.5 to 22 months, depending 
upon tlie form of treatment applied to the 
primary tumor. 

PATHOLOG1C.4L FRACTURES 

Pathological fractures of vertebrae, ribs, 
femi.r and humerus were observed. Accord- 
ing to Copeland, tlie rate of incidence of 
such fractures is 15.0 per cent, the femur 
being involved in 13.0 per cent of the cases. 
Lenz and Freid found a rate of incidence of 
26.0 per cent, witli predominance in femur 
and humerus. In our series, patliological 
fractures were discovered in ii cases, or 
45.8 per cent. Vertebral collapse stands well 
at tlie top of the list witli 7 cases. Many of 
tlie vertebral and rib fractures seemed to 
have consolidated following moderate doses 
of roentgen tlierapy, i.e. about 1,500 r. We 
believe that conservative dosage is indi- 
cated in order not to impair in any way 
bone consolidation. The usual orthopedic 
supports must be used in conjunction witli 
roentgen irradiation. 

We have endeavored in tliis study to dis- 
cuss skeletal metastases from cancer of tlie 
breast from eveiy angle without losing sight 
of tlie disease as a whole. Every possible 
factor which we tliought might improve 
diagnosis or establish prognosis and direct 
treatment has been judiciously analyzed 
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and weighed. Finally, all the information 
which could be obtained from this collec- 
tion of data and used as a directive has 
been Imked in a logical sequence in the 
form of conclusions. 

CONCLUSIONS 

1. In this series of 24 cases of cancer of 
the breast with unquestionable skeletal 
metastases, 87,5 per cent belong to the 
clinical Groups ii and iii. Skeletal metas- 
tases very seldom occur unless there has 
been invasion of the axillary glands and the 
corresponding lymphatics. 

2. As skeletal lesions were the first me- 
tastases to be found and the only ones 
demonstrable in 62,5 per cent of our cases, 
these must be looked for systematically as 
well as pulmonary metastases before any , 
operation on the primar)'^ tumor. Examina- 
tion for that purpose must be carried out 
clinically as well as roentgenograph ically. 
Subsequently, as the patient reports for 
regular follow-up examination, repeated 
search for metastases to bone must be 
made, particularly if the patient is com- 
plaining of so-called “neuralgic” or “rheu- 
matic” pains. In view of the rate of inci- 
dence of metastatic lesions in certain bones, 


Av(X‘r, sj.t 

pearance of the primary tumor and that of 
the skeletal metastases in our series tv.is 
thirty-four months, i.e. about three vears 
except for the age group mventv to thirtv 
where that interval is but one-haif as lone. 
It IS important to consider that the lonccr 
that interval, the longer the probable .sur- 
vival period. 

6. At least /5 pet cent of the bone Ic.sion.s 
have an osteolytic character when first dis- 
covered. An osteoblastic lesion probably 
indicates a long standing or slowly crowinc 
skeletal lesion. In our series, a change from 
the osteolytic to the osteoblastic type, 
which we interpret as the re.sult of depres- 
sion or death of the neoplasm and repair by 
the remaining bone, has been induced by 
irradiation. 

7. The prognosis in skeletal metastase.s 
from cancer of the breast is not quite a.s 
poor as it might seem. The average survival 
for the whole group of patients is 13.6 
months, the maximum thirty-three montha. 
As long as the skeletal metastases remain 
the only demonstrable lesion, the immedi- 
ate prognosis is relativel}' good, hut the de- 
velopment of other metastases, particu- 
larly in the lungorpleura, definitelyshorten 
the surtdval period. 


the roentgen examination of thoracic cage, 
lumbosacral spine and pelvis, including the 
upper femora, is especially indicated for 
investigation purposes. 

3. The effect of possible dissemination 
of metastases by vigorous or careless han- 
dling of malignant tumors, their recurrences 
or metastases, especially during clinical 
examination or operative procedures, has 
not been discussed- However, we wish here 
to introduce a warning against such occur- 


rences. , ^ 

4. The age factor does not seern to be of 

any significant importance in relation to the 
incidence or degree of malignancy of me- 
tastases to bone in general. The rate of in- 
cidence of such metastases mcreases or 
decreases as the usual rate of incidence of 
primary cancer of the breast in the various 

rlie mean interval between the ap- 


8, Under roentgen therapy, 66.0 per cent 
the cases have subjective improvement; 
.0 per cent show also objective response 
irradiation, the average survival period 
r that latter category increasing to 
rhteen months, the maximum being 
enty-nine months. 

0. Patients belonging to Group in sboulu 
t be operated upon. Both the prmmry 
d secondary or metastatic lesions sbouid 
treated with irradiation only, 
lo. Finally, no case i.s so liopcles.s ns to 
rrant discard without a trial of tbera- 
jtic roentgen irradiation. Kcsults arc o - 
(times astonishingly good, even 1 10,... 

;y may not he permanent. 

KF.rKRKN'CLS 

Awm. F. K. Trcatnwnt of 

croblc mammary cancer. .1. - 
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treatment of hemangiomas with 
roentgen rays* 




. By JAMES V. PJIOUTY, M.D. 

CEDAR Rapids, iowa 

ra“‘ is" ™n:rr,8o^ r p”--- 0- <iop,.. 

Jutassy found that their destructire effe« 

upon the radiosensitive intima of the blood ^ published hy Braestrup/ 

vessels faded and flattened the lesions.^Al- plaL ZX 7 mc^ir, 

lough the action of roentgen rays and rays within the first two or three wcA^s^ofiiflf 
from radmm on individual cells are prob- . Their cause is unknown. Lister" ™ 
ably identical, radium has been used almost that 76 of 77 strawberry nevi, if untreLcd 
unive^ally m the treatment of hemangio- disappear in the first five years of life. He 
mas. Roentgen rays have not been utilized believes growth is necessary during the 

because of technical difficulties, such as the ■ ’ ' ' ^ 

danger of electric shock, and the danger of 
overexposure due to inexact measurement 
of dosage. Since practically all therapy 
equipment is now shock-proof, and since 
sensitive and accurate measuring instru- 
ments are available, former objections to 
roentgen therapy no longer apply. 

About five years ago we began to use un- high percentage of newborn infants. These 
filtered roentgen rays for the treatment of blotchy areas usually disappear without 
vascular nevi with good results. We now treatment after several months or a few 


first year to obtain a spontaneous cure. 
Growth did not occur in the lesion that 
failed to disappear. Many believe that 
spontaneous cure is relatively uncommon. 

Clinically we divide hemangiomas of the 
skin into five types: 

I . Hema77gion2a stjnplex. This is a blotchy 
area that occurs on the back of the neck in a 


years. 

a. Capillary hemaiigmna. We divide this 
type into two different kinds of lesions, the 
bright red, non-elevated nevus from which 
the color can be easily pressed out, and the 
dark red or purplish lesion from wliicb it is 
difficult to press out the color. The first 


use only two techniques. In the first, we 
use unfiltered rays produced at 135 kv., 
and 18 cm. anode-skin distance. This tech- 
nique is used for. the treatment of all le- 
sions thicker than 0.5 cm. and smaller than 
3 cm. in diameter. About 30 per cent of the 
skin dose is absorbed by the first centi- 
meter of tissue. In the second technique, we type of lesion usually responds to treat- 
use unfiitered rays produced at 80 kv., and ment. The second type, often called nevus 
I c cm. distance. This technique is used for Bammeus or port wine stam, responcs 
the treatment of all flat lesions and of thick poorly to any kind of therapy, fins lcsio!i 
lesions whose diameter is greater than 3 cm. should probably not be treated by irr* i| - 
About a per cent is absorbed in the first tion unless treatment can be given aiilim 
rPiAi-impter the first month of life. 

based were made with a small (4 > 4.4 ceils. These hsmns 


mm 


7 ionization chamber in a small (lo by sensitive endothelial cc! 


* Presented at 

III., Sept. 24-<i9, J 9 -H 
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Table I 


Size of field 
in cm. 

1 XI 

2X2 

3X3 

4X4 

5X5 

7 - 5 X 7 -S 

Dosage (in air) 

ICO r 

ICO r 

ICO r 

ICO r 

ICO r 

ICO r 

Dosage on skin 

102 r 

104 r 

109 r 

115 r 

1 16 r 

1 19 r 

0.5 cm. 

92 

100 

lOI 

103 

107 

IIO 

I .0 cm. 

74 

78 

82 

84 

88 

89 

2 .0 cm. 

47 

52 

59 

63 

64 

66 

3 .0 cm. 

34 

37 

40 

45 

47 

51 

4.0 cm. 

26 

29 

31 

34 

37 

40 

5 .0 cm. 

20 

0 0 
-J 

25 

28 

30 

32 


Surface and depth doses in roentgens per ico r in air. 

(135 kv.; 5 ma.; 18 cm. anode-skin distance; filter, none; half-value layer i.i mm. Al; intensity, 300 r per 
minute in air.) 


may be mixed with die cavernous type, 
forming large, protruding masses, or with 
lymphoid and fibrous tissue. 

4. Cavernous hemangioma. This type has 
large blood spaces which involve the skin 
and deeper structures or may be confined 
only to the tissues beneadi the skin. A soft, 
bulging mass is present which often has a 


reddish or bluish color. The lesion can 
sometimes be made to disappear when con- 
tinuous pressure is applied for a few min- 
utes. These lesions are sometimes associ- 
ated with hyperplasia of fatty or fibrous 
tissues, because after irradiation the color 
disappears but there is only partial disap- 
pearance of the bulging mass. 


Table II 


Size of field 
in cm. 

I XI 

2X2 

3X3 

4X4 

5X5 

7 - 5 X 7-5 

Dosage in air 

100 r 

100 r 

100 r 

ICO r 

, 100 r 

100 r 

Dosage on skin 

101 r 

103 r 

105 r 

106 r 

108 r 

no r 

0.5 cm. 

60 

65 

69 

73 

75 

78 

1 .0 cm. 

43 

46 

50 

54 

56 

58 

2.0 cm. 

23 

27 

29 

31 

32 

34 

3 -o cm. 

13 

16 

18 

20 

21 

22 

4-0 cm. 

9 

1 1 

13 

14 

15 

16 

5 -o cm. 

6 

8 

9 

10 

II 

12 


Surface and depth doses in roentgens per 100 r in air. 

(80 kv.; 10 ma.; 15 cm. anode-skin distance; filter, none; half-value layer 0.57 mm. Al; intensity, 267 r per 
minute in air.) 









ulcerated, hypertrophic hemangioma on neck and shoulder. 

rrlTr! ^ . /i, eleven months later, after two roentgen treatments to entire area and four roentgen 

treatments to smaller areas. Total dose a,6co r. ‘veirigtn 


5. Spide?- nevi. This lesion consists of a cording to Ward and Covington,’* and 
network of small, dilated vessels arising others,^’*-” the radiosensitivity of he- 
from one or more central vessels. Pressure mangiomas decreases in direct proportion 
by a small magnifying glass usually iden- to the age of the infant. Children older than 
tifies the feeders. They are best destroyed three or four years should be treated very 
by inserting a fine cambric needle into the cautiously because of the danger of over- 
central vessels and then touching the needle dosage. Many of our cases treated within 
wi th a coagulating current until a slight the first two or three months of life re- 
bleaching occurs around the needle. This quired only one or two treatments. If the 
is done without local anesthesia and may lesion is allowed to grow without treat- 
have to be repeated two or three times be- ment, it may reach considerable size, be- 
fore the lesion is entirely destroyed. The come ulcerated and infected. When this 
procedure is painful. occurs any type of treatment results in 

Irradiation of hemangiomas by roentgen considerable scarring, 
or radium rays produces a gradual shrink- We have found roentgen irradiation to 
ing and obstruction of the vascular spaces, be much more satisfactory than other 
The degree of sensitivity depends upon the methods of treatment which we have used, 
type of endothelial cells, the character of We can treat the lesions with roentgen rays 
the surrounding stroma, and the size of the more homogeneously and get a more even 
vascular spaces. We have found that, if disappearance of the color and tumor mass, 
treatment is started soon after the appear- This is especially true when the lesions are 
ance of the hemangioma, while it is more of such size that the radium applicator has 
sensitive, less irradiation is necessary and to be applied to more than one area. Much 
better cosmetic results are obtained. Ac- larger areas can be treated with roentgen 
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Fig, j, J. T., aged si.x months, y/, elevated, hypertrophic hemangioma on left forearm. Diameter 3 cm. 

B, eight months later, after three roentgen treatments. Total dose 1,400 r. 

rays at one time than with radium. The three-fourths to one-half less than radium, 
treatments are very short, lasting from one We have had no experience in treating 
to three minutes, depending upon the tech- hemangiomas with the contact roentgen 
nique used. The infant can be held or therapy method. From reports in the litera- 

strapped in position for the treatments, ture excellent results are obtained.^’®*®’® 

Perhaps the greatest advantage of roentgen Our method of treating hemangiomas 
rays is their availability. In Iowa roentgen consists of cutting an opening in lead foil 

therapy is available in many more places the size and shape of the lesion. Occasion- 

than radium. We believe this also applies ally the opening is made slightly larger in 

to a large part of the United States. An- order to include subcutaneous vessels and 

other advantage is the ease and the cheap- the growing edge of the lesion. From 300 to 
ness of treatment. The average cost is from 600 r is given at one treatment, depending 



Ug. 4. N. C., aged ten and one-half months, y/, bluish-red, cavernous hemangioma on palm of left hand. 
Diameter 3 cm. B, eight months later, after five roentgen treatments. Total dose 2,500 r. 
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upon the size and location of the lesion, 
if the hemangioma is i cm. or less in diam- 
eter, and there is no danger of injury to the 
subcutaneous structures, 600 r is given. 
Hhen the lesion is 5 cm. or more in diam- 
eter, from 300 to 400 r is used. We have had 
very few noticeable skin reactions with 
these doses. An occasional mild ervthema 
occurs at the edge of the lesion when the 
larger dose is used- The patients are seen 
in one month, and if there has been no re- 
sponse to the treatment and if no erythema 
is present, they are treated again. When 
the lesions are fading and flattening, we 
wait at least one or two months more be- 
fore continuing treatment. If the infant is 
less than two or three months of age, it is 
surprising how often only one or two treat- 
ments are needed to produce an excellent 
result. I am convinced that if all hemangi- 
omas were treated as soon as discovered 


^ Proa tv 

' J.j;; 

childhood with better cosmetic results thnn 
we were able to obtain witli radium or aiiv 
other method. We have classified our re- 
sults into four groups: 

_^^^t)se with a minimum oi scarring or 
with complete disappearance of color ""and 
tumor mass were considered excellent. 
These lesions are not noticeable at the usual 
conversation distance.' This result was ob- 
tained in 87 of the 129 cases. 

Good results were olnaincd in 27 cases. 
These had either a mdre noticeable scar or 
a few residual yesseJs but tliere was com- 
plete disappearaneb of the tumor mass. 

Fair results ^were obtained in H cases. 
These consisted of a residual tumor mass, 
some color and scarring. 

Poor results w'erc obtained in 4 cases. 
One of these was a pigmented hemangioma 
which showed no response to treatment. 
The second was a nevus flammcus. The 


there would be very little scarring or ulcera- 
tion. In some of the large hemangiomas 
loss of color is more rapid in the center. 
When this occurs, lead is cut out and placed 
in the central area for part or all of the 
succeeding treatments. 

Unfortunately, the treatment of vascular 
nevi is not without danger,^*'”'^’^^ as there 
are various complications and residuals. 
Great care should be taken in the treatment 
of lesions near epiphyses and glandular 
structures. As little as 400 r delivered to the 
epiphyseal plate will produce a delay of 
bone grow^th. It is usually better to treat 
hemangiomas in the region of the testes by 
some other metliod than irradiation. Oyer- 
dosage in any area will produce blistering, 
possibly ulceration, and infection with in- 
creased scarring. Large total doses may 
result in growth disturbance, in telangi- 
ectasia, or in .skin atrophy. Loss of hair 
should be considered, although we have had 
very little permanent loss of hair in treat- 
ing'lesions of the scalp early in infanev. It 
is not uncommon to find that the hair 
comes in a darker shade after epilation. 

From December, 1939. to January, 1944. 
we treated with unfiltcred roentgen rays 
129 cases of hemangiomas in infancy and 


third was a large, mixed lymphangiomn in- 
volving the right scalp, face and neck, and 
probably complicated by intracranial he- 
mangiomas. The fourth poor result wn*- 
probably due to overtreatment of the inner 
half of the proximal tibial epipin'sis as tliere 
is delayed growth of the inner half ot the 
tibia producing a slight genu varum. '1 his 
patient received two treatments ol 450 r 
each, with an interval of one month. ^Ve 
have since used tangential irradiation v-uh 
good results in le.sions near the cpiphysyal 
plate and without apparent epiphysc.d in- 
jury. We recently observed some oi the 
earlier cases and many of the areas trcan.s.i 
have improved in appearance over a penoa 
of four or five years. I wo cases inroh tny 
the entire upper eyelids were treated^'.'. lut 
excellent results, A lead shield wa^ p)ru.t; 
in the conjunctival space to protecs the eve. 

Tiic hemangiomas seem to nv.re 

rapidlv to roentgen irradiation man tn 
trcatn'icnt with radium, povydd;.' mmaioc 
they are now treated at a mucu 
We have not had the skm rcaetiony .y- > 
rocntcen irradiation that vt-re ocr.ya-n.y ; 
observed when wc used radmm. 

ncrionswcre,perhaps,tlueto;mpr.7 . -yy 

struction of the radium appheatom • > 
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uneven distribution of radiation was ob- 
tained. 

CONCLUSIONS 

In our experience unfiltered roentgen 
irradiation, using 80 to 135 kv., has proved 
superior to other methods of treating he- 
mangiomas of the skin because the lesions 
can be treated more homogeneously, more 
rapidly, more economically, and because 
larger areas can be treated at one time. We 
believe equally good results can be obtained 
wherever roentgen therapy is available. 

I wish to express my appreciation to Dr. A. W. 
Erskine for his help and advice in the establishment 
of the techniques and in the preparation of the depth 
dosage table. 
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DISCUSSION 

Dr. Rollin H. Stevens, Detroit, Mich. I 
should be inclined to question the advisability 
of Dr. Prouty’s second technique — use of the 
unfiltered rays at 80 kv. at 15 cm. distance for 
all flat lesions whose diameter is greater than 3 
cm., about 47 per cent being absorbed in the 
first centimeter. It would seem to me it would 
be better to reserve that treatment for the 
smaller lesions and use the first technique he 
mentioned for the larger ones. I am a little 
afraid of too much irradiation reaction in those 
cases. 

He claims that the advantages over radium 
are that there are more of the roentgen rays that 
are homogeneous, the treatment is shorter and 
less expensive. If the treatment is so applied 
that it covers the entire nevus, including the 
border and a millimeter or two beyond, the re- 
sults of the treatment should be as homogene- 
ous with radium as with roentgen radiation. 

One difficulty in applying radium is to get 
the radium skin distance exactly the same in all 
parts of the lesion. As has been pointed out by 
Strandqvist, an increase of 2 mm. in the dis- 
tance reduces the intensity to 40 per c nt. 
That is quite a substantial reduction and may 
account for lack of homogeneity in seme of the 
cases treated by radium because of variation 
in distance from radium to skin. 

When moulded compounds are used as appli- 
cators it is almost impossible to keep the dis- 
tance of the radium needle used in the applica- 
tor within the limits of 2 mm. Hence, homo- 
geneity of action is lost, — and Strandqvist has 
developed applicators of glass with channels 
in the center to receive the radium needle. 
They are exactly 5 mm. in diameter. If any 
number of these are placed side by side, the 
distance from the axis of one needle to the other 
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and to the skin is also exactly c; mm. 

thpe applicators being placed directlv on the 
skin. 

We used these glass capsules for some time 
after reading Strandqvist’s paper in 1939, but 
in the last two years we have had some applica- 
tors made of lucite for single needles and 
rows of two, three and four in one applicator. 
We have platinum coverings over our needles 
to make a 0.5 mm. platinum filter. Up to the 
present we have used only gamma rays since 
we have been using these applicators. 

Formulae for working out the dose based on 
Siev^ert’s tables are provided. From these we 
have had Dr. Gratzek, formerly on our staff, 
prepare a dosage chart. We cover the lesion 
with one or two rows of capsules, select the 
number of roentgens we think a case may re- 
quire, consult our chart and get t;he time factor 
required. Strandqvist uses 8 or 10 mg. needles 
in the capsules. We generally use 5 mg. needles 
because we have more of them than of the 10 
mg. Of course they require twice the time, 
worked out by Strandqvist’s charts. In this 
way we are able to give fairly accurate homo- 
geneous doses of radium. 

We have no doubt just as good results may be 
accomplished with roentgen irradiation and 
with less trouble, except I do not feel we can 
easily keep a child still under that treatment 
long enough to get an exactly limited and 
homogeneous irradiation. 

We use doses of 500 to Soo r, depending on 
the age of the child, the depth of the lesion, its 
proximity to the epiphyses, and other im- 
portant structures. 

Dr. U. V. PoRT.\uxx, Cleveland, Ohio. 
At the 1940 meeting of the Radiological Society 
of North America I discussed a paper on roent- 
gen therapy of hemangiomas given by Drs. 
Fred M. Hodges and R'aymond A. Berger of 
Richmond, Virginia. I showed photographs of 
the results of treatment of a very large cavern- 
ous hemangiema involving the whole forearm 
and most of the hand of a child. I his was 
treated with radium, and the “spottincss that 
remained was given contact roentgen rherap} 


with satisfactory results as slauvn In th^,. 
photographs. 

I warned the parents when treatmtm ira.- 
started that the affected forearm h 
shorter. This occurred, as shown by the phow' 
graph and roentgenogram of hot)) forearRo 
taken three years later. There is evidence of 
delay in development of ossification centers uf 
the metacarpals, the radius, and the ulna. .A!- 
though the forearm is shortened, there is r.:> 
apparent interference with function. 

Another case may be of interest. The photo- 
graph shows a cavernous hemangioma invidv- 
ing the entire left side of the face including the 
eyelids. The child also had a large hemangi'n'r;;*. 
on the back of the neck, harelip, and cleft 
palate. I hesitated to treat this baby init fmnily 
did so on the insistence of the parents. Only 
contact roentgen therapy was given to the hue. 
The physical factors were 50 kv., 2 ma., 2.! 
cm. focus-skin distance, filter i.o mm. -Ah 
Usually several areas were given cco to jeo r 
each at month!}' interwiis. The hemangioma on 
the back of the neck was given the same dosage 
vvith 200 kv. and filter equivalent to half-vahie 
layer of 0.9 nun. Cu. The next phorogr.-iph 
shows the remarkable improvement that h.u 
taken place in the past year and one-hah. 
Treatment will be continued. 

Dr. Proutv (closing). In reply to a qiiesuon 
regarding telangiectasis, we had 1 or i cases 
early in the scries wlicn we were using large' 
doses more frcqucntl.v. V e did not use conv 
pression in the trc.atment of any of rliesc le-io.iv. 

In reply to Dr. Stevens’ question as to wh} 
Ave use 80 kv. in the treatment of Mipcrhcr..' 
and larec lesions it is because we do not v., ■> 
a larce depth dose. In infants flic distansc 
the skin surface to viral structure is verj c.ti '. . 
cspccialiv the botiy structures near tlu squ 


;ony. 


sc.s. 


What 1 mean by a fiat L-sion is one 
more than i or 2 mm. devafirn. ll f J 
used near the epiphyses, the ilcpfli ‘ 

centaite nr J .and 2 cm. v too great .ano tm o '■ 
danger of injury, resulting in .a aorurotm » • 
lione growth. 
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TUMORS IN ONE OF HOMOLOGOUS TWINS 

HODGKIN’S DISEASE WITH PRIMARY SKELETAL MANIFESTATIONS’'^ 

By HERMAN CHARACHE, M.D. 

BROOKLYN, NEW YORK 


I N THE July, 1941, issvie of this Journal 
a report of tumors in one of homologous 
twins was made.^ It was emphasi2ed that 
“Were sufficient clinical material available, 
the study of homologous twins would seem- 
ingly contribute a great deal toward solving 
the genetic theory of cancer.” In this report 
2 cases of Hodgkin’s disease were included. 
Two additional cases have since been found 
in the literature (Smith," MackliiP). The 
latter case was mentioned in an excellent 
report on “Tumors in monozygotic and 
dizygotic twins” before the Seventh Inter- 
national Congress of Genetics at Edin- 
burgh, Scotland, in 1939. 

The case to be reported here is the fifth 
case of Hodgkin’s disease in one of homol- 
ogous twins. In addition, it presents very 
interesting findings; namely, skeletal in- 
volvement as shown by roentgenographic 
studies without any other clinical mani- 
festation of Hodgkin’s disease. The diag- 
nosis was established by autopsy findings. 
Other cases of primary skeletal manifesta- 
tion of Hodgkin’s disease without clinical 
findings of the disease were reported by 
Priesel and Winkelbauer," Krumbhaar,- 
Livingston,® and Schenck.® 

CASE REPORT 

P.T., a white female, aged five, one of 
homologous twins, was admitted to the Brook- 
hn Cancer Institute on January 6, 1940, with 
a history of pain in the right hip and right 
shoulder, fever, and loss of weight of ten weeks’ 
duration. 

Ten weeks previous to admission to the 
rooklyn Cancer Institute, the patient devel- 
oped pain in the right hip and had difficulty in 
talking. Shortly afterward she began to have 
pain in the region of the right clavicle. She be- 
came ^ irritable, cried a great deal, lost her 
appetite, and began to lose weight. When the 

From the Brooklyn Cancer Institute, Brooklyn, N. Y. 


mother noticed that the child had developed a 
fever, she took her to a hospital, where a diag- 
nosis of rheumatic fever was made. However, 
wJien roentgenograms revealed a partial de- 



Fig. I. Hodgkin’s disease in one of homologous twins. 
(Healthy twin refused to take off shoes.) 

struction of the right ilium and right clavicle, 
she was transferred to our Institute for diag- 
nosis and treatment. 

The patient was born on May 23, 1934, full 
term, normal vertex delivery. A few minutes 
later her twin sister was born. Each weighed 3^ 
pounds. Both were kept in an incubator for a 
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Fig. 4. Photomicrograph (i40'<} showing fjoci/hin « 
di-sease of the iJium, 
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long time. When the milk formula did not agree 
with one, it did not agree with the other. When 
they grew older, both had the same likes and 
dislikes regarding food. Both had the same 
bowel and urinary habits. Both children had 
measles at about the same time. When the pa- 
tient developed whooping cough, her twin sister 
was taken to her grandmother’s; however, she 
too developed whooping cough. 

The parents are in good health. Their blood 
Wassermann reactions were negative, and there 
is no history of cancer in the family. 

Physical examination revealed a pale, under- 
nourished five year old child, acutely and 
chronically ill. Her temperature varied from 
98° to 103° F., pulse 90 to 135, and respiration 
11 to 44. A few discrete pea-sized glands were 
found in the neck and inguinal regions. The 
heart and lungs showed no clinical evidence of a 
pathologic condition. The abdomen was some- 
what distended; no masses were palpable. The 
liver and spleen were not palpable. 

Urinalysis and the blood Wassermann reac- 
tion were negative. The blood count showed 
3,820,000 red blood cells, with 72 per cent hemo- 
globin. The leukocyte count was 28,500, with 
91 per cent polymorphonuclear leukocytes and 
9 per cent lymphocytes. The blood chemistry 
revealed urea 7.6 mg., sugar 83 mg., calcium ii 
mg., phosphorus 3.7 mg., phosphatase 13 units, 
cholesterol 185.1 mg., cholesterol ester 65.3 mg. 

The entire skeleton was roentgenographed 
except the feet. The positive roentgen findings 
were as follows: Two cherrystone sized areas of 
rarefaction in the parietal region of the skull, 
rarefaction of outer half of right clavicle, and a 
round area of rarefaction measuring i§ inches 
of the right ilium. Roentgen examination of the 
chest showed hypertrophy of the left ventricle; 
otherwise there was no sign of a pathologic 
condition. The intravenous pyelogram sug- 
gested a bulging of the outer surface of the right 
kidney. 

The patient remained in the hospital for a 
month under supportive treatment. She re- 
ceived palliative roentgen therapy to the right 
hip and clavicle. Her general condition grew 
progressively worse, and she became moribund. 


On the morning of February 6 she was suddenly 
seized with severe air hunger. An emergency 
portable roentgen examination revealed the col- 
lapse of both lungs. She died shortly afterward. 

An autopsy was performed by Dr. Herman 
Bolker. The anatomico-pathologic diagnosis 
was as follows: Reticulo-endothelial sarcoma 
(atypical Hodgkin’s disease) of the thymus, 
cervical lymph nodes, and lungs, with sec- 
ondary emphysema and bilateral pneumo- 
thorax, liver, spleen and bones. The sections 
were submitted to several pathologists, includ- 
ing Dr. James Ewing, who confirmed the diag- 
nosis of Hodgkin’s disease. 

The patient’s homologous twin is being 
observed at three-month intervals. Physical 
examination, including roentgenographic 
study of her skeleton and lungs, shows no 
evidence of any pathologic condition. She 
was last seen on August 24, 1944, four 
years and eight months after the onset of 
symptoms in the deceased homologous 
twin. 
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EDITORIAL 


AMPUTATIONS 


A MPUTi\TION surgery has always as- 
sumed increasing importance in war- 
time because of the relatively common need 
for the removal of extremities destroyed di- 
rectly by the missiles of war or indirectly 
through loss of blood supply, gas gangrene 
and other severe infections. The recent 
advances made in surgery, chemotherapy 
and supportive measures have largely over- 
come the dangers of infection, so that am- 
putation is seldom indicated for infection 
alone. In military surgery, emergency am- 
putations are performed under conditions 
which are often unfavorable, delay is fre- 
quently encountered and early evacuation 
must be obsenmd. Under these circum- 
stances all emergency amputations for 
severe trauma, infection or gangrene must 
be of the open type commonly known as a 
guillotine amputation. The indications for 
emergency amputation as well as for subse- 
quent reconstructive surgery depend in 
many instances on careful roentgenological 
technique and interpretation. If properly 
done, such an amputation permits early 
closure of the stump by continuous skin 
traction. In selected cases, early secondary 
suture may be successful, but this should 
not be attempted unless these patients re- 
main under observation. Secondary revi- 
sion of the stump is required in most cases 
efore a prosthesis is fitted. These various 
actors have all been taken into considera- 
tion in theestablishmentof thecurren t policy 
or amputations in the United States x^rmy. 

Approximately 5 per cent of the major 
amputation cases have lost part of two ex- 
tremities, less than one per thousand has 
os t part of three, and recently one quad- 
rup e case has occurred in Army combat 
casualties in this war. Fortunately, the 
more isabling amputations are less com- 
mon, disability increasing in the following 
or. e ow the knee, above the knee, be- 


low the elbow and above the elbow. 

Sites considered optimum for amputation 
are based upon experience and depend on 
the types of the prostheses available. While 
the general principles of amputation sur- 
gery are essentially the same throughout, 
there will continue to be a gradual evolu- 
tion as new prosthetic devices are produced. 
This is particularly true with amputations 
near the major joints, including the ankle, 
knee, wrist and elbow. Standardization and 
improvement of prostheses have become a 
matter of national interest and importance 
with the result that civilian and military 
agencies have undertaken coordinated re- 
search and development. This effort is al- 
ready bearing fruit and will achieve greater 
success in the near future. 

The goal in amputation surgery is the 
restoration of function and not merely the 
amputation itself. This program requires 
the coordinated effort of all interested per- 
sonnel including the surgeon, limb fitter, 
physical therapist, occupational therapist 
and those engaged in education, recreation 
and vocational rehabilitation. Finally, in- 
dustry must employ and train the amputees 
to take their place among other employees. 
As a profession and as a nation, we are 
faced wdth a special challenge to enable the 
physically handicapped, of which the am- 
putees constitute a large portion, to assume 
their place and responsibility in the world 
along with their fellow men. Experience has 
now shown that such a program is indus- 
trially safe and economically sound. There- 
fore, special care should be taken in surgi- 
cal reconstruction, prosthetic fitting and 
training in order that we may achieve tlie 
maximum social and economic rehabilita- 
tion of the war amputee. 

Norman T. Kirk, Major General, 
United States Army, 

The Surgeon General 
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Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


' United States of America 

American Roentgen Ray Society . rr - i 

Secretary i Dr, H, Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual meeting: I945 j canceled, 
American College of Radiology _ , 

Secretary, Mac F. Cabal, 540 N. Michigan Ave., Chicago 
Section ok Radiology, Axierican Medical Associatiox 


Detroit Roentgen Ray and Radium Society 
Secretary, Dr, E, R, Witwer. Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida RadiolooicalSociety 

TTr A, Oi 


Iowa City, Iowa. Annual meeting: 1945, cancelea. Florida Radiolooical Society 

MERICAN College of Radiology , Acting Secretary, Dr. W,iltcr A. Weed, C04 Exchange 

Secretary, Mac F. Cabal, 540 N. Michigan Ave., Chicago. Bldg., Orlando, Fla. Meetings in May and Novembet. 

'ction ok Radiology, Axierican Medical Association Georgia Radiological Society 

fecretarv Dr. U. V. Portmann, Cleveland Clinic, Cleve- Secretary, Dr, James T, Clark, 47? Peachtree St., .M- 

land Ohio, Annual meeting: 1945, canceled. lanta, Ga, Meets in November and at annual meeting 

lano, cvnio. rtiuiuai ,1,^ i Actne on of Gcora a in the spnnij. 


Secretary, Dr. U. V. Portmann, ueveiana v 
land, Ohio, Annual meeting: I945> canceled. 
iRKANSAS Radiological Society . , 

Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association, 

Iadiological Society of North Am^wca 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg.^yra- 
cuse Nr Y. Annual meeting: 194S) to be announced. 
Radiological Section, Baltimore Medical Society 
SSTnr W.l.« L. Kilby, Baltimore. M«e« 4,rd 
Tiip^dav each month, September to May. 

5 eITonoVCology CaLornu Medical Ass^ 

Dr. Gordo’n G. King, 3700 California St., San 

RmoTScAL’S^TIOgCoNNE^^^ 

selected by Secretery. X””“» ™ J, SociBTy 

Ji“;lcSe=y,o».LcsA»0B«sCac»yvMB0.ces 

AssociATl^ Tnhnson U07 s, Hope St,, Los 

WNa, Dr. Roy W. ^ Wednesday of each 

mSat the County Socmty-^Builing-^^^^ Association 

''SS^D^'RTG:GHes,Temp^ 

Brooklyn Roektcen Ray Society^^^^^ ^ 

_ CriftlTTV . .... 


lanta, Ga, Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
Radiological Society of Kansas City 
Secretary, Dr, Arthur B. Smith, 800 Argyle Bldg., Kan* 
sas City, Mo. Meets third Thursday of each month, 

Illinois Radiological Society , , . , 

Secretary, Dr. Wm. DeHolIandcr, St. Johns Hospital, 
Springfield, 111 . Meets three times a year. 

D^h! cS^sner, Methodist Hospital, In- 
dianapolis. Meets annually second Sunday in Maj. 

W. Ertbint, 3,6 Hisky 1 !%.. 
Cedar Rapids, Iowa. Luncheon and b^^mess ^tcimo 
during annua! session of Iowa Smte Medica. Socictj. 
Special meetings by announcement, 

Kentucky w. Broadway, l,ouiJ- 

Long Ist-A”® un-ner ' tiro 48th St., Brooklyn, 

fl‘T& Sfei'^y 

on fourth Thursday, October to May, 8,30 r. . 

Louisiana Radiological Soci^^ I^ulsiana Ave., 

MmSXogATioNorRo^ 

St 

Milwaukee Roentgen Ray SociE Wisconrin Ave., 

M&r 'v£ ' ' 

• !*..r 


"•ffi,o°N.W-SdMo.dBy.f=.cb.oo,b 

iiptdurmgsomtBormOTths. ^ ..^"“fof^ioowBSpBiETV, , .... 


'cretary, 


Congress St., Ne2S 

SS to -AprinoeW" 

£; £3^“ ^ B.... 
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nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

North Dakota Radiological Society 

Secrelary, Dt- L. A. Nash, St. John s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society , 

Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society „ « t- 

Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif, hleets annually, during meeting of California 
Medical Association, 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Philadelphia Roentgen Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 P.M., in Thomson Hall, College of Physicians, 
21 S. 22d St. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.M. at The Ruskin on second Wednesday, 
each month, October to blay inclusive. 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. hleets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 
Rocky Mountain Radiological Society 
Secretary Dr.A.M. Popma,22oN. FirstSt., Boise, Idaho, 
St. Louis Society of Radiologist s 
Secretary, Dr. Edwin C. Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo, Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president. 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner, 

S.\N Francisco Radiological Society 
^cretary, Dr, Carlton L. Quid, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:45 p.m., first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months atToland Hall, University of California Hospital. 
Shreveport Radiological Club 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7 " 3 o P.M., September to Maj' inclusive. 

South Carolina X-Ray Society 
Semtary, Dn T. A. Pitts, B.aptist Hospital, Columbia, 
o. t.. Meets in Charleston on first Thursday in Novem- 
ner, also at the time and place of South Carolina State 
wedical Association. 

1 ennessee Radiological Society 

ccretary Dr. J. M. Frere, 707 Walnut St., Chattanooga, 
enn. Meets annually at the time and place of the 
1 ennessee State Medical Association. 

Texas Radiological Society 

Hospital, Dallas, 

Hvi • ' Jan. 17,1945. 

OF hllCHIGAN Dep.ARTMENT OF ROENTGEN- 
OLOGY Statt Meeting 

at*- fj'om September to June, 
at , P.M. at University Hospital. 

Radiological Conference 
'on University Ave., Madi- 

Thumday from 4:cx>-5:^ p.m., 

'irginu Radiological Society 

RSSd ”6 E. Franklin St., 

lenmond, \ a. Meets annually in October. 

Radiologiclal Society 

Meets fbu5i\S,°r!”x^® Seattle. 

Allege Club, Sean}l ™onth, October through May, 


X-ray Study Club of San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 

Cuba 

SociEDAD DE RadiologIa y Fisioterapia de Cuba 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

British Empire 

British Institute of Radiology Incorporated with 
the Rontgen Society 

Medical Members’ meeting held monthly on third Friday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.i. 

Section of Radiology of the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty of Radiologists 

Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. i 
England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

Radiological Section of the Victorian Branch of the 
British Medical Association 

Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

Canadian Association of Radiologists 
Secretary, Dr. J. W. McKay, 1620 Cedar Ave., Montreal, 
P.Q. 

Section of Radiology, CAtrADiAn Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 

South America 
Sociedad Argentina de Radiologia 
Secretary, Dr, Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

Sociedad Peruana de Radiologia 

Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociacion Medica Peruana 
“Daniel .A. Carridn, Villalta, 218, Lima. 

Continental Europe 

Sociedad Espanola de Radiologia y Electrologia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Societe Suisse de Radiologie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language. Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SoCIETATEA RoMANA DE RaDIOLOOIE SI ElECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul MarScine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 
All-Russian Roentgen Ray Association, Leningrad; 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Relnberg and S. G. Simonson. 
Meets annually, 

Leningrad Roentgen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow Roentgen Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 
Scandinavian Roentgen Societies 
The Scandinairian roentgen societies have formed a joint 
assodation called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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CLINICAL CANCER TEACHING DAY 

A Clinical Cancer Teaching Day will be 
held at the Homer Folks Tuberculosis 
Hospital, Oneonta, New York, on Wednes- 
day, October 3, 1945. The Clinical Program 
from 2 to 4 p.M. will consist of “Clinical 
Demonstration and Discussion of Cancer 
Patients” by Drs. Milner, Stewart, Treves 
and Twombly. Following this, two papers 
will be given: “Ovarian Carcinoma” by 
Gray H. Twombly, M.D., Memorial Hos- 
pital, New York: “Cancer of the Breast” 
by Norman Treves, M.D., Memorial Hos- 
pital, New York. Dinner will be served at 
the Homer Folks Tuberculosis Hospital at 
6:15. The evening meeting will be called 
to order at 7 130 and the following program 
will be given: “Carcinoma of the Bladder” 
by William A. Milner, M.D., Albany 
Medical College, Albany, New York; 
“Biopsy in Tumors” by Fred W. Stewart, 
M.D., Memorial Hospital, New York. 

Advance reservations are required for 
the dinner and should be sent to Dr. Ralph 
Horton, Superintendent, Homer Folks Tu- 
berculosis Hospital, Oneonta, New York. 

CANCER TEACHING DAY 

A Cancer Teaching Day will be held at 
the Governor Clinton Hotel, Kingston, 
New York, on Wednesday, October 17, 
1945. The program will begin at 3:30 
P.M., and the following papers will be pre- 
sented: “Cancer of the Skin and Allied 
Tumors” by Earl D. Osborne, M.D., Uni- 
versity of Buffalo School of Medicine, 
Buffalo, New York; “The Role of the Prac- 
ticing Physician in the Care of Cancer” by 
Frederick S. Wetherell, M.D., Syracuse 


University College of Medicine, Syracuse, 
New York. Dinner will be served at the 
Governor Clinton Hotel at 6:30. At the 
evening meeting beginning at 7:30 the fol- 
lowing papers will be given : “Cancer of the 
Prostate” by Charles B. Huggins, M.D., 
University of Illinois, Chicago, Illinois; 
“Biopsy in Tumors” by Fred W. Stewart, 
M.D., Memorial Hospital, New York, 

Reservations for the dinner must be 
made in advance and should be sent to Dr. 
Frederick H. Voss, 69 Spring St,, Kingston, 
New York, 

CANCER TEACHING DAY 

A Cancer Teaching Day will be held at 
the Auditorium, Albany College of Phar- 
macy, Albany, New York, on Thursday, 
October 18, 1945. The meeting will be 
called to order at 3 .‘30 p.m. and the follow- 
ing papers will be given; “Cancer of the 
Head and Neck” by Hayes Martin, M.D., 
Memorial Hospital, New York; “Cancer of 
the Prestate” by Charles B. Huggins, 
M.D., University of Illinois, Chicago, Illi- 
nois. A buffet supper will be served at 6:30, 
The evening meeting will begin at 8:00 
o’clock and the following papers will be 
presented: “Cancer of the Stomach” by 
George T. Pack, M.D,, Memorial Hospi- 
tal, New York; “Hormone Therapy and 
the Prevention of Gynecologic Malig- 
nancies” bv Clyde L. Randall, M.D,, Uni- 
versity of' Buffalo School of Medicine, 

Buffalo, New York. 

Reservations for the buffet supper are 
required in advance and should be sent to 
Dr. Arthur F. Holding, 142 Washington 
Avenue, Albany 6, New York, 
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A ROENTGENOGRAPHIC SPINAL FIXATION AND 

STABILIZATION DEVICE 


By LIEUTENANT COLONEL WEAVER A. RUSH 
Medical Corps, Army oj the United States 


I N THE Roentgen Department of the 
Station Hospital, Fort Leonard Wood, 
Missouri, 5,382 individuals have required 
roentgen examinations of a part or all of 
their vertebrae during the period from Jan- 
uary I, 1943, to June I, 1944. Routine and 
special studies all required accurate posi- 
tioning for correct roentgenograph ic ex- 
posures. One position seldom sufficed. Mul- 
tiple positions were the rule. Conservatively 
estimated, 3.5 positions per person were re- 
quired, a total of 18,837 for the group of 
5,382. January 1, 1943, to June i, 1944, 
provided 466 regular working days in this 
department. Within the group, however, is 
an undetermined number of emergency ex- 
posures made on Sunday. Roughly esti- 
tuated, 40 positions daily were required. 

Only one capable, well trained, expe- 
nenced technician had been assigned to tire 
Roentgen Department during this period, 
dll otliers were totally untrained or had 
little p'aining. Many soldiers have 
received tlieir only training in- roentgen-ray 
exposure technique during tlieir assignment 
ere. Most of these have gone to carry on 
t us work elsewhere and were replaced by 
men equally untrained. 

Instructing men with no, or very little, 
'nov edge of anatomy, roentgen-ra)'' anat- 
in particular. Was a difficult problem, 
leir training included instruction in prop- 
positioning. Stabilization and fixation 
production of adequate 
eontgenograms had to be simplified in 
o prevent loss of time and materials. 

staHlf' problem so far as 

abihzation and positioning of the skull 


was concerned. A simple, efficient, fixation 
device overcame these difficulties, and 
we next undertook to provide means for 
simplifying positioning and stabilization of 
the spine and pelvis. It was necessary that 
any metliod adopted be one tliat would re- 
sult in identical positioning regardless of 
changing technician personnel. We feel that 
we have accomplished tliis and in addition 
there has been an increase in diagnostic 
quality of the roentgenograms produced. 

The positioning device described and 
illustrated requires that roentgenograms be 
made with the patient standing. Some ob- 
jection will be raised to this by radiologists 
who have not enjoyed tlie advantages of 
roentgenograms so made. Patients too ill 
to stand, will, of course, have to be position- 
ed lying down but these are in the minority. 

The device comprises a platform of ade- 
quate size mounted on casters. This plat- 
form may be fixed in a chosen location by a 
rubber shod foot, screw controlled, at the 
extreme frontal limits of the platform. This 
foot not only secures tlie device in location 
but prevents forward tipping when the pa- 
tient mounts it. 

Immediately above this platform a sec- 
ond platform is provided, also mounted on 
casters or suitable rollers. This platform 
may be moved forward or backward upon 
the lower platform by a suitable ratchet 
device. The necessity for this movement 
will be developed as description proceeds. 

Above this second platform another 
rotatable disk platform is again mounted 
on enters or roller bearings. It rotates on a 
vertical central pivot. 
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A tubular shaft is affixed to the periphery 
of the disk and adequately braced. A sliding 
shaft, nonrotatable, is sheathed within the 
tubular shaft. It is adjustable for height 
and provided with set screw fixation. To 
the top of this shaft Is welded a flat metal 
strip of adequate width and length accu- 
rately adjusted to coincide with a plane 
parallel to the surface of the rotatable disk 
and directly above a line drawn through a 
diameter of the disk that would bisect the 
base of the shaft. 

To this flat bar is fitted a sliding saddle, 
preferably of wooden construction, shaped 
to meet the anatomical contours of the 
fronts of the tliighs and perineal crotch. 
This saddle is adjustable both forward and 
backward. It will be noted (see Figures i, 
2, 3 and 4) that degrees of rotation are in- 
dicated by suitable symbols on the surface 
of the platform that supports the rotatable 
disk and that an indicator points, finger- 
like, from the exact center of the base of the 
shaft. The purpose of this protractor scale 


I 



Fig. I. Frontal view of device. 


and indicator is obvious. 

Solidly affixed transversely to the frontal 
extrernity of the flattened bar at die top of 
the adjustable vertical shaft is a cylindrical 
•hub housing an axle. At its extremities the 
axle is perforated to receive sliding rods; 
also thumb screws are properly positioned 
to lock these rods. This accessory provides 
an adjustable head and upper spine fi.xation 
attachment. The attachment has a cross 
bar connecting the upper limits of the rods. 
Stabilization is accomplished by extending 
the rods to a suitable height and angle so 
that the patient may bite firmly on the rod 
which is covered by 4 inches of split rubber 
tube. A number of these rubber tube cush- 
ions are always available, cleaned and 
sterilized. 

The patient is instructed to remove ail 
clothing, including shoes, step upon the 
disk, mount the saddle and draw it up into 
his crotch firmly. It is important that he do 
this himself. Having accomplished this, a 
web belt is passed around the thighs, snug- 
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Fig. 3. Frontal view with patient in position. 

ly drawn and buckled in front of tlie flat 
frontal surface of the saddle. 

The patient is positioned before a ver- 
tical Potter-Bucky grid, the indicator 
pointing to o degrees on the scale. The 
second or ratchet adjustable platform is 
moved backward or forward as seems de- 
sirable. The saddle is adjusted so that the 
buttocks are in contact with the surface of 
the Potter-Bucky grid. The roentgen tube 
is accurately centered for an anteroposte- 
rior exposure. Lateral positions are provided 
by tlie simple procedure of rotating the 
disc 90 degrees. Angle roentgenograms are 
made at any desired degree selectively and 
these angles can be accurately reproduced 
at will at later examinations by referring to 
the recorded angle and re-establishing this. 

The entire spine may be examined at 
nearly all angles without requiring maneu- 
vers more complicated than the simple act 
of rotating the disk. Anteroposterior roent- 
genograms of the atlas and axis through the 
open mouth are not made by using this 
device. 



Fig. 4. Lateral view with patient in position. 

The device described has the following 
advantages: 

1. It is of simple construction. No ex- 
pensive materials are required. 

2. Technicians quickly master the sim- 
ple instructions required to familiarize 
tJiem witli its use. 

3. Fixation and stabilization are assured. 
A multiplicity of positions may be obtained 
by very simple maneuvers. 

4. Very accurate posteroanterior, an- 
teroposterior, lateral and angle positions 
are assured, all of which can be faithfully 
reproduced at will. 

5. Economic advantages are obvious. 

6. Its use provides an accurate means of 
measuring leg length, recording variations 
as small as 2 mm. The importance of in- 
equalities in the length of legs is becoming 
increasingly evident in analyzing archi- 
tectural instability as a determining factor 
in low back symptoms. 

7. Roentgenographic reproduction of 
roentgenoscopically predetermined chest 
positions is accurately accomplished. 





Fig. 2. This photograph shows the parts completely assembled in position for use. 


have the additional information of body 
section roentgenography but do not feel 
that they can construct a new planigraph 
on each change of station or for each new 
installation of equipment. 

This apparatus has accompanied the 
author on all of his changes of station with 
no more difficulty in transportation than 
is found with moving textbooks. It has 
been used on the following makes of equip- 
ment to date: Picker Century single tube, 
Westinghouse Fluoradex, Keleket, and 
Picker Combination. With this experience 
there is sufficient evidence to indicate that 
it could probably be used with any standard 
equipment. In many instances it has proved 
of value as an additional diagnostic aid. 

The accompanying photograplis will 
show how the apparatus can be assembled. 
Figure i shows the separate parts. These 


parts are numbered consecutively with 
corresponding numbers on the assembly 
shown in Figure 2. i and 2 comprise the 
long rod extending from the lever arm, Jj, 
to the tube stand and can be lengthened 
and shortened at either end, and in the 
center, j and 6 are fitted with a hook at 
each end to fit the side rail. These are the 
same as the hooks of the foot plate used for 
tilting the patient from upright to recum- 
bent position. The bar, /2, has holes drilled 
to allow the fulcrum, to be attached. This 
should be made so that it will be rigid when 
fitted in place. This has been accomplished 
here by inserting a small set screw at the 
base to take up any slack that is present. 
The bar, /j, forming the lever arm has 
holes at each end for the attachment of 2 
and 5, and holes drilled i cm. apart for the 
adjustment of the lever arm to vary the 
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height of the plane above the table top. 5 is 
the rod attached to the Bucky tray by 
means of a removable clamp, p. S is a 
screw with a small hook on the end to hold 
the side pieces j and 6 snug to the side rail 
of the table. 10 and // are “U” bolts which 
hold a small projecting arm on the tube 
stand for attachment of /, 

It is easy to see that this entire assembly 
merely constitutes a framework for the 
free operation of a lever arm to move the 
tube and plate synchronously in a re- 
ciprocal motion. The measurements can 
be easily obtained directly by measuring 
the distances on any standard table. The 
important point .to remember is that the 


distances should be measured with the tube 
centered over the Potter-Bucky grid. Inas- 
much as different tables vary .sligiuly in 
size, those parts which form the lever arms 
should be adjustable, and all other parts 
that interconnect should be adjustable. 
The main parts used here were fabricated 
from cold rolled steel or pieces of metal from 
salvaged equipment. 

The author wishes to express his appreciation fo.- 
the invaluable help given in dc.signing this app.iratus 
bv Dr. S. A. Morton and Mr. Dudley Sl.iuson of the 
Department of Radiology, Columbia Hosl'ital, 
Milwaukee. Credit for the mechanical work and 
fabrication of the various p.nrts should go to members 
of the Ordnance Corps of the United .States .Army. 
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ROENTGEN DIAGNOSIS 

HEAD 

ScHWARtz, Charles Wadsworth. Pitfalls to 
be avoided in the roentgen diagnosis of intra- 
cranial disease. Radiology, Jan., 1944) 

34-41- 

There are many conditions that may lead to 
mistaken diagnosis in the roentgen interpreta- 
tion of findings in the skull. In the first place no 
conclusions must be drawn from an inadequate 
set of roentgenograms or those made by poor 
technique. Nor must they be drawn from a 
study of only one part of the skull. Every part 
must be carefully studied and the search must 
not be given up after finding one anomaly for 
there may be several, all or none of which may 

be of clinical significance. 

An arbitrary normal zone has been dead 
upon for the location of the pineal body but this 
Tmal .one is too largo for absolute accuracto 
The body may lie ivithin the normal /one, eve 
if there are pathological changes and it may he 
iXt y outside the normal /one without such 
cMmtes A lateral pineal shift can be detected 
S in good roentgenogtams taken ether 

ia an area some 

pathological apiculadon or 

cred really hypervas^^^ 

atrophy. To be e . comparison 

an area must be h p 

w'ith other are.as of the same ne , 

with any arlmrary standard. 


The diploe may be coarse or fine, plentiful 
or scanty, regularly or irregularly distributed. 
These possible variations must be con.sidcred 
in interpreting the roentgenogram. ,4 fine 
dipioe may suggest that the calvarium is gran- 
ular and arouse the suspicion of hyperparathy- 
roidism or other disturbance of calcium me- 
tabolism. The coar.se type of diploe may suggest 
spiculation, porosity or fibroric changes in the 
bone. Careful stereoscopic study will generally 
reveal the mistake. 

Not infrequently in lateral views of the skull 
there are fine lines at various angles to the plane 
of the vault that suggest bony .spiculations or 
striations of the type .seen in the erythroblastic 
anemias. But they arc caused hy a particularly 
well serrated sagittal suture and the appearance 
of the bone is healthy. Persistent or douhk 
suture lines may .suggest fracture and the dif- 
ferentiation must be made carefu ly. I he malar 
bone may originate from two or three center.^ o 
ossification and the appearance may suggc>i 
fracture. T’he congenita lack of a - 

biral pbile, es well as other 
lies, roav lead to confusion, eonrolulion. n 

Lkoni are often m.smterprc.ei as he at 

m-idcnce of increased |1,|, 

when they are not. .An increase ^ ^ 
number of these m-arkmes may occur <nni. 
disturbances due to j ’ d-.o 

:ScLrmet;i.olism, .Atrophy 

apparent in the post.en<ir chno . 

S^hmtthatofthe leme u 

indicates atrophy. 
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Symmetry of the skull is never perfect, so 
care must be exercised in interpreting asym- 
metry as abnormal. About lo or 15 per cent of 
skulls show congenital asymmetry of the 
petrous pyramids. Asymmetry may be of con- 
siderable clinical significance if it results from 
agenesis or hypoplasia of one cerebral hem- 
isphere. This is sometimes seen in patients with 
comnilsive disorders. Asymmetry of the frontal 
cells is not of much significance but the size and 
shape of the frontal cells may give evidence as 
to the endocrine condition of the patient. — 
Audrey G. Morgan. 

Camp, John D., and Nash, Leo A. Develop- 
mental thinness of the parietal bones. Radi- 
ology, Jan., 1944, 42, 42-47. 

Developmental thinness of the parietal bones 
is of two types, the flat type and the grooved 
type as seen in the posteroanterior projection. 
It is usually bilateral and symmetrical and there 
is a smooth, progressive thinness from the 
periphery of the affected area to its center. The 
diploe is lacking in the affected area and the 
external table is thinned and depressed. Some 
authorities have claimed that the internal table 
is also affected but this was not true in the 119 
cases examined by the authors. The condition 
can be shown by the usual lateral and postero- 
anterior roentgenograms of the head, though 
it can be shown better by tangential views over 
the affected part of the skull. It is better to 
examine the roentgenogram by means of a small 
bright lamp than by the roentgenographic view- 
ing box. Roentgenograms of the two types of 
thinness are shown and diagrammatic sketches 
showing the areas involved. 

This has often been described as an old 
woman’s disease but of the authors’ cases 80 
were in males and 39 in females. The average 
age for the whole group was fifty-four years 
and for the females fifty-six years. Ten of the 
patients were thirty years of age or less. One 
patient was a four year old child. 

The condition is not of particularly great 
clinical importance except that it may be mis- 
taken in the roentgenogram for osteolytic met- 
astatic carcinoma, myeloma, xanthomatosis, 
osteoporosis circumscripta and a number of 
other pathological conditions of the skull. The 
authors believe the condition is not progressive 
as It was as intense in their younger as in their 
older patients, and there was never thinness of 
such a degree as to be classified as a parietal 


foramen. They believe there is no relationship 
between these two conditions. — Audrey G. Mor- 
gan. 

Brunner, Hans. Chronic osteomyelitis of the 

skull. A^in. OtoL, Rhin. & Laryng., Dec., 

1943, 52, 850-894. 

Chronic osteomyelitis differs from the acute 
form in almost every respect. Therefore, the 
differential diagnosis between the two types, as 
a rule, does not meet with great difficulty. 
However, among the cases of chronic osteo- 
myelitis there seem to be two different types: 
one type which presents the typical features of 
an acute osteomyelitis at the onset of the dis- 
ease, and another type which does not. In order 
to differentiate these, the latter type is called 
“chronic osteomyelitis of primary type” and 
the former “chronic osteomyelitis of secondary 
type.” 

Chronic Osieomyeliiis of Primary Type. 

Etiology. Infection of the paranasal sinuses 
is less important than in acute osteomyelitis. 
In the case reports presented in this article, i 
was due to erysipelas of the skull, i to scarlet 
fever, i to a head injury, i to adenocarcinoma 
of the paranasal sinuses with subsequent ob- 
struction to both nasofrontal ducts, i to a skull 
injury, and 2 to pansinusitis. 

Clinical Course. Chronic osteomyelitis of the 
primary t>q)e is chiefly characterized by its 
insidious onset and by its slight tendency to 
spread. 

Pathology and Roentgenology. The normal 
frontal sinus of adults is bounded by a broad 
line which has double contours and presents 
the marginal compacta. In roentgenologic ter- 
minology, the margins of the frontal sinus are 
distinct. The margins of the small frontal 
sinuses in children and in young adults are par- 
tially indistinct under normal circumstances 
indicating the absence of a marginal compacta. 
Therefore, in instances of a small frontal or 
sphenoid sinus a partial indistinctness of the 
boundaries does not necessarily indicate a 
pathological condition of the bone even if there 
is a slight haziness of the sinus, the latter find- 
ing being due to the small diameter of the sinus. 

In chronic sinusitis a fuzzy appearance of the 
boundaries and a sclerotic area, particularly at 
the lateral and superior angles of the frontal 
sinus, can frequently be observed. This finding 
indicates a marginal osteitis provided the sinus 
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has reached its complete development and is 
definitely cloudy. 

In actual chronic osteomyelitis all these 
changes reach a climax.The outlines of the sinus 
may disappear entirely and due to the thicken- 
ing of the anterior wall, the area of the frontal 
sinus is replaced by a sclerotic area. Frequently 
the report of the roentgenologist indicates a 
failure of development or an absence of one 
frontal sinus in these instances. 

Trealmenl. The osteomyelitis in these cases 
may continue for years without leading to an in- 
tracranial complication. Ihus, the operative 
procedure which may be required is not an 
emergency performance. The immediate pur- 
pose of surgery is to relieve the patient of pain 
and toxemia. 

Chronic Osleomyeliiis of Secondary Type. 
Etiology. Acute infection of the paranasal 
sinuses (organism either hemolytic streptococ 
cus or staphylococcus in the cases reported). 

Clinical Course. Acute onset, a slow but deb- 
nite tendency to spread withm the bone, and a 
marked tendency to spread withm the blood 

(viz., chronic septicemia). cfnAv of 

Palhology Md Xt the 

the roentgenograms seems to , , 

genes.s, the sclerosis is 

these changes, thickening 

caused, on the one ’ points of dif- 
other. However, there pri_ 

ference between c while in the former 

mary and secondary yp ^ boundaries 

the sclerosis is to be ,,tremely 

of the frontal sinus and spr^eads^ 

slowly into the ^jn^ts normal appear- 

the frontal sinus ^ , sequestra are to be 

ance while the sclerosis and sequest^^^^ 

found in the distant pa^^^^ mngs of 

vault or fore, in instances in which a 

the sphenoid. several years after the 

roentgenogram is frontal sinus may 

onset, the boundan- ^ „„,oubt. 

appear distinct, al hou^^^j ^ 

edly " rment in these cases is ex- 

Treatment. Treatmen ^ chronic 

tremely unsatis osteomyelitis and, as 

septicemia, a ^ eventually also 

a Wle, metastases ',5,, It is obvious 

SrundSthel’clrcumLnces surgery cannot 


accomplish very much. — Mary Frances I'as- 
tine. 

Epstein, Bernarp S,, and Kcuck, Max. 

Technic for optic foramen roentgenography. 

Radiology, Feb., J944, 42, 186-187. 

The authors describe a method of roentgen- 
ography of the optic foramen which obviates 
the necessity for mechanical devices and gives 
fairly uniform results. The cassette is placed 
on a 2 inch block and a cone with a 3 inch aper- 
ture focused so that the central ray passes 
through the center of the film. 1 he tube and 
cone are elevated and the head placed so that 
the malar eminence, the tip of the nose and t le 
superior orbital ridge form the apices of a 
roughly equilateral triangle in the circular 
roentgen field. The orbital ridge is then raised 
I inch from the cassette. It may be kept in this 
position by a wedge of felt. In t^is way the 
Ltral ray is directed perpendicularh down- 
ward. On the roentgenograms the j®"' 
amina appear as circular structures in the lower 
Zt of the orbits. The same re.sults have be n 
obtained with an angle board using a 15 angk- 

The inclined plane is grooved 

;r.cprrpd Ihe center of the roemgei 

inclined plane, the orb.t bung "’J 

a black periphery. The angic 

made in ^''p.Snt in position and 

Photographs of the p 

roentgenograrns of , ^ bv., 5 ° 

shown. 4vith 3 ioth opening.- 

sec., cone 7 inenes 
Audrey G. Morgan. 

A( rPFD B. Hypertelorism. yJrch. Oio- 

BeRKOVE, AcFRI. . o_ -go. 

/no«,..Dec.,. 943 ,i*. * > ^ 

This is a case report of hm ,,, 

in the Eye Eat. Nose and I h™.,. Californ.- 
Station Hospital, alinormahty, the 

Hvoertelonsm is a cong . , . bv the t.'icro 

Sjnosisof*ch.sma^;-sK^^ 

appearance. I h resuitina from the ■> - 

£;Sf:i:i'SPSonorthc.in.- 
•'’^rre mem jXic findin.. seen in this ah. 
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normality consist of: (i) overgrowth of the 
lesser wings of the sphenoid; (2) separation of 
the orbits (large interpupillary distance); (3) 
excessive width at the base of the nose (with 
distortion of the tip. In most cases there is a 
divergent squint). — Mary Frances Vastinc. 

iMcNallv, W. J., Stuart, E. A., and Childe, 

A. E. Mucocele of the frontal sinus. Arch. 

Otolaryng., Dec., 1943, 574“586. 

Recently at the Royal Victoria Hospital a 
mucocele of the frontal sinus was operated on 
and the sinus was found to be empty. This was 
the second such case in the past two years. 
There is much difference of opinion as to just 
what constitutes a mucocele. One of the best 
definitions is that of Dabney: “the accumula- 
tion and retention of mucous secretion within 
an accessory sinus, generally associated with a 
distention of one or more of its walls.” Eleven 
cases of mucocele of the frontal sinus have been 
diagnosed in this hospital over the past twenty 
years. Five cases are reported by the authors. 

Etiology of Mucocele. Unknown. There are 
probably a variety of causes. 

Syjnptomaiology. The symptoms of mucocele 
are few. 

I. Slowly developing periorbital swelling 
which is usually painless. 

1. The floor of the sinus is usually distorted. 
The posterior or anterior wall may also 
be affected. 

3. Exophthalmos from deformity of floor of 
sinus. 

4. Fluid contents which may be sticky and 
mucous, dark and bloodstained or mus- 
tard-like in substance. 

DiffercJi/ial Diagjiosis. 

1. Cystic dilatation of the lacrimal sac in 
which the swelling first appears at the inner 
angle of the eye. This is below the level 
at which a mucocele breaks through 
(either the anterior ethmoid cells or the 
inner end of the floor of the frontal sinus). 

2. Tumor and abscess within the orbit in 
which case-exopthalmos is present with- 
out necessarily deforming the floor of the 
frontal sinus. 

3 - Tumor of the frontal bone can be differ- 
entiated roentgenographically. 

4. Epidermoid cyst (cholesteatoma) is usu- 
ally present from birth and increases in 
size gradually. It is more likely to be 
found in the region of the outer canthus. 


5. Meningocele is usually present at birth. 
It is in the midline and appears above the 
bridge of the nose. It is cystic and pul- 
sates when the child is at rest. During 
crying the tumor expands. 

6. Meningioma (meningeal fibroblastoma) 
is unusual in the frontal sinus area. Since 
it arises within the skull there may be 
signs of intracranial involvement before 
there is any external swelling. 

Roenlgenographic Observations. 

I. Dilatation of the whole or some portion 
of the involved frontal sinus. The opposite 
frontal sinus may also be involved. 

1. The cavity is smooth walled with a slightly 
whitened margin. It is relatively trans- 
lucent. 

3. The bony septa ordinarily present in the 
frontal sinus are obliterated. 

4. The bony walls may be thinned out and 
bulged. Defects in the bone may result. 
The floor is usually primarily involved. 

5. The roentgenographic differential diag- 
nosis between epidermoid and mucocele is 
not easy to make. This is true because the 
margin of the epidermoid is usually 
smooth and dense and the tumor is radio- 
transparent owing to its high cholesterol 
content. 

Treat7ncnl. This consists of adequate and per- 
manent drainage which can be obtained only by 
an external operation. — Maiy Frances Vastme. 

WiNDEYER, B. \Y. Malignant tumours of the 

upper jaw. Brit. J. Radiol.^ Dec., 1943, 16, 
362-366. 

In the Skinner Lecture for 1943 the author 
discusses a series of 153 consecutive malignant 
tumors of the upper jaw. By this he means 
carcinomas and sarcomas originating from the 
walls or within the cavity of the maxillary 
antrum; as it is frequently impossible to deter- 
mine the site of origin of a growth involving 
both the antrum and the ethmoid region, he has 
included ethmoid tumors. A consideration of 
these cases shows the necessity for complete 
cooperation between surgeon, pathologist, 
roentgenologist and radiotherapist. 

In this series there were 81 males and 72 
females, not a great enough difference to be of 
any significance. No determining cause for the 
growth was found. There were few cases with 
a history of sinus infection and repeated opera- 
tion for the removal of polyps. A number of 
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cases are illustrated showing fhp 
which the tumor grows, depending onl“ p"oim r?„ra7^ 
of origin. The symptoms also vary, depending these ^ Previous operation. Experience in 
on the part involved. There is generally pl^ .dZl I benigj 

from involvement of the branches of the fifth 

nerve Ifthespreadisintheanterolateraldirec either? ^ '•> 

tion the pain is referred to the upper teeth and of sLen implantation over a period 

over the cheek. With spread through the nos over n ‘^7 external irradiation 

terolateral wall there may be earache and min' Tr m 

referred to the upper molar teeth on the affeSed mehfi H ^ Y '■‘idium as the sole 

side. This in conl'nation wfth triLus an^the r 7 e°f T- 

frequency with which a tumor in the temooral inri' \^A 'f operation is contra- 

region is overlooked m “Tead to a Ske pe'rTbTe ’/t mt T “h''®"""' 

diagnosis of dental sepsis. Tumors in the eth- rst whe^rcitTnl gi^e: SiS™ 
mold region are frequently associated with < . . b ase is known 

severe headache and a foul-smelling nasal dis- 
charge. When the site of the primary growth is 

the orbital plate double vision may be the first — Audrey G. Morgan. 
symptom. ^ 

The proportion of sarcomas to carcinomas in 

sT'm T“. ‘"nT a raweiTT, Richaru. Radiological evidence in 

repor s. Mctastases were found both m the re- haematite iron-ore workers. Bril. 7 . RaMoL, 
gional lymphatic glands and in distant organs. 

A clinical diagnosis of cervical gland metastases 
was made on admission in 45 of these cases and 
found in 5 others later, making a total of 32.7 


fwIJUWll 

to have been incomplete, for routine u.se in be- 
nign cases if the recurrence rate after excision 
is shown to be high enough to justify this step. 


NECK AND CHEST 


per cent. Probably some of these glands were 
enlarged as a result of secondary infection. 
There were generalized metastases in lungs, 
liver, kidneys and bones in 14 cases, or 9 per 


Nov., 1943, 16, 323-330. 

The author discusses the findings in the lungs 
of hematite iron workers in the Furne.s.s and 
South Cumberland region of the Lake District 
in England, He formerly examined many of 
these workmen and labelled them silicotics. 
He finds now that the condition is a sidcrosis, 


nver, Kjuneys anu uuucs ju eases, ui y pc* . „ result of 

cent. Some of the patients had both glandular . ‘ ‘ . . , , ; . '■ . 

, ^ , , I t r iron-ore particles or hydroxid or iron in tne 

and distant metastases and the total number of , ^ r i u- ..:i 

cases with metastases was 59, or 38.6 per cent. 

— Audrey G. Morgan. 


lungs, apart from an abnormally high sil- 
ica content with its accompanying glandular 
changes. This condition was found to be w'orsc 
in the Cumberland mines than in the fnirncss 
mines. This is probably becau.se the Cumber- 
land mines are much drier than the Furness 
mines and dry drills are used which blow' fine 


Lederman, M. Adenolymphoma of the parotid 
salivary gland. Brit. "J. Radiol., Dec., I 943 j 

16, 383-385- - - . - , . . • • u 1 I i 

Adenolymphoma of the parotid gland is one dust into the miners’ faces w'hwh is '^iha ecb Jn 
of X rarer forms of salivary gland tumor and the Furness mines they use wet dri Is m wh, 1 a 

fcfher ScrSon in regard » the effects of ine 

Hospital are described. The first was a malig- 
nant case in a man of sixty-six. Malignant cases 
are unusual. He was first given treatment with 


teleradium, i gm. unit; surface dose 2,000 r in 
nine davs. There was little or no effect until 
larger doses (4,000 r or more) vvere g'^^^n. In 
spite of the malignant nature of the case the 
Stfent WAS kept alive for ten years The other 
? patients with benign .adenolymphomas were 
a lomnn of fifty-four, a boy of fourteen and a 


are given, a ...... ..— V- , . 

stage of siderosis shows increased lung reticul.i- 
tion which progresses to a stage suggc.stivc ol 
small nodes. The author calls the picture snow- 
flake mottling. In damp mines of low mIiu 
content there are exaggerated linear "b 

sometimes a.s.sociared widi snowflake mott int- 
This indicates the possibility of infeciion w m 

is alw'ays a danger. The next stage sKiwsiau 

patches of coalescence w-.th 

the upper lobes and emphysema of the 
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The patches of coalescence become more ex- 
tensive and compact. At this stage superadded 
infection is likely and is indicated by spread of 
the opacity to the outer lung fields. Finally in 
some cases diffuse areas of consolidation devel- 
op and the picture of tuberculosis or malignant 
disease is seen on roentgen examination. The 
greatest danger is infection with tuberculosis 
which affects not only the miners but their 
families ana both morbidity and mortality from 
this disease are high in these regions. The treat- 
ment is symptomatic. The industrialists are 
trying to do what they can to prevent the de- 
velopment of the condition and valuable re- 
search work is being done by their physicians. 
The men are coming to appreciate the value of 
the wet drills and it is hoped that the old con- 
ditions with dry drills may never be repeated. — 
Audrey G. Morgan. 

Camiel, Mortimer R., and Berkax, Hekry S. 

Inhalation pneumonia from nitric fumes. 

Radiology, Feb., 1944, 42, 175-182. 

.'\cute inhalation pneumonias from the in- 
halation of noxious fumes are increasing in fre- 
quency. Nitric fumes occur commonly in in- 
dustry but are not toxic unless generated in 
confined unventilated places. But they may 
cause serious damage or even death from 
rapidly fatal edema of the lungs. 

The authors describe 2 cases and give il- 
lustrative roentgenograms. Both these patients 
recovered and there was marked improvement 
in the roentgen findings in a few days. Both the 
patients were men of forty; the first had been 
engaged in cleaning metal and had been mixing 
nitric acid with hydrochloric acid without a 
mask. The second patient was a welder’s as- 
sistant who worked in a ship’s hold without a 
mask. The symptoms are headache, dizziness, 
palpitation and respiratory distress. There is a 
latent period after exposure of from a few hours 
to twenty-four hours so the cause of the illness 
is sometimes not discovered. In both these cases 
the roentgenograms showed a pseudonodular 
infiltration that completely filled both lung 
fields. During the most acute stage the infiltra- 
tions varied in size from that of a match head 
to that of a pea. In many areas they were 
confluent and tormed larger patches but the 
nodular character was still evident. Clinical 
improvement occurred at the same time as im- 
provement in the roentgen picture. Follow-up 
examinations after some months showed com- 


plete absence of residual changes in the 
lungs. 

Such cases show the necessity for prophylac- 
tic industrial measures. — Audrey G. Morgan. 

Schmidt, Herbert W. Benign nontuberculous 

bronchial stenosis. Arch. Otolaryng., Jan., 

1944, 39 ^ 43-52. 

In the past, syphilitic bronchial stricture has 
been described. At present, much is being 
written about tuberculous bronchial stricture. 
Not much attention has been called to stricture 
prodviced by nonsyphilitic and nontuberculous 
inflammation of the bronchi. This type of 
stricture may develop secondary to a chronic 
bronchial infection such as that seen in cases of 
chronic asthmatic bronchitis. Secondary and 
tertiary bronchi are principally involved. Pri- 
mary bronchi are occasionally involved. One 
must assume that the inflammatory reaction 
throughout the bronchial wall must have been 
severe enough to cause fibrosis with subsequent 
stricture. Stagnation of bronchial secretions 
probably also plays an important part in the 
genesis of this type of lesion. 

This paper is based on a study of 25 cases of 
benign nontuberculous bronchial stenosis in 
which bronchoscopy was performed. Four of 
these cases are reported. 

Symp/oms. The syndrome of benign non- 
tuberculous bronchial stenosis is a rather defi- 
nite one. There is usually a history of ante- 
cedent pneumonia, severe tracheobronchitis or 
repeated seizures of asthmatic bronchitis. 
xAfter variable periods, recurrent bouts of 
chills, fever and general malaise develop. The 
period of fever is usually preceded by an irri- 
tating, nonproductive cough. The temperature 
may reach 102 to 103° F., and the elevation 
may persist for two to seven days, at the end of 
which time variable amounts of purulent secre- 
tion are coughed up. In an attack there is stag- 
nation of infected material distal to the stric- 
ture of the bronchus. A local pneumonic process 
develops. 

Physical Findings. Benign nontuberculous 
bronchial stenosis is more likely to occur in the 
lower lobe than in the upper lobe or in the 
middle lobe of the right lung. Physical findings 
may be absent, since the stenosis usually in- 
volves the third division of a bronchus. If physi- 
cal findings are present, they usually are those 
of obstructive atelectasis, namely, dullness on 
percussion and decrease in breath sounds over 
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that portion of the Jung supplied hv the os- 
volvcci hronchus. ' 

Roenfgemkgic Fhdhtp. I„ o!i?;ntc?irc arc- 
icctasis the physical hnditigs tttay U of more 
value than the rocntgenoloeic findines, Kn^-nt- 
gen examination is important, in determininc 
the presence of ntclecrasis, jiut the roentgen 
findings alone v.iH nor always enaide one” to 
determine whether <)r not n Ijronchus leatiintr to 
the affected regioit is open or closed. 

'Jhc roentgen finding.-; in ohstnictive ntclcc- 
ta.si.s may be listed us follows; (j) ‘phe p;:!- 
monary field is reduccti on the afTcctcd side. 
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Yixeberg, Arthur M., and Kunstler, Wav- 
TER E. The determination and treatment of 
pressure cavities in pulmonary tuberculosis. 
Surg., Gy77cc. Obst.y iMarch, 1944, /S^ 245- 
274. 

The authors have worked out a new tech- 
nique of transthoracic intracavitary drainage 
which requires the use of special instruments in 
addition to those devised for cavity needling. 
The instruments used were designed by the 
writers. Too often large cavities are closed by 
multiple stage thoracoplasties, the disease is 
arrested and the patient becomes a respiratory 
cripple. It is apparent that a more efficient and 
less destructive method of collapsing cavities is 
desirable. Such a method seems to be on hand 
in the form of transthoracic cavity drainage. 

This study of pressure cavities in pulmonary 
tuberculosis is a very complete one and for it, 
the authors were awarded the Casgrain-Char- 
bonneau Prize 1942 by the Faculty of Medicine, 
McGill University. The following points are 
included in the summary: 

1. A large percentage of pulmonary tubercu- 
lous cavities are “tension cavities” and rarely 
close with thoracoplasty. 

2. Some residual cavities are “tension cavi- 
ties” which are unaffected by thoracoplasty. 

3. The detection of “tension cavities” can 
be made only by needling of the cavity and re- 
cording of the intracavitary pressures. 

4. Transthoracic intracavitary suction drain- 
age is recommended only for use in “tension 
cavities.” 

5. In 150 instances, cavities were needled 
and 27 cavities were drained without a single 
complication of hemorrhage, pleural empyema, 
spontaneous pneumothorax, or air embolism. 

6. Intracavitary suction drainage will reduce 
large “tension cavities” to the size of a cathe- 
ter; to obtain permanent closure a partial 
thoracoplasty is essential. 

7 - In giant positive pressure cavities, anterior 
stage thoracoplasty precedes suction drainage 
and the latter is followed by posterior stage 
thoracoplasty. 

8. Negative pressure giant cavities close 
readily with thoracoplasty. 

9. By the use of a combination of trans- 
thoracic intracavitary suction drainage and 
thoracoplasty in the treatment of “tension 
cavities” the ideal of collapse therapy is at- 
tained, namely, a maximum collapse of diseased 


areas with a minimum of damage to normal 
lung parenchyma . — Mary Fraiices V astwe. 

JoHxsTOXE, A. S. Peptic ulceration of the 
oesophagus with partial thoracic stomach. 
Brit. 7. Radiol., Dec., 1943, 16, 357“36i. 

Peptic ulcer of the esophagus was first re- 
corded by Quincke in 1879 but the combination 
of peptic ulcer and short esophagus seems to 
have been first described by Briggs, Dick and 
Hurst in 1939. There are two schools of thought 
in regard to the cause of this combination. One 
holds that it is always the result of congenital 
shortening of the esophagus so that a part of 
the stomach is pulled up into the thorax. But 
Chevalier Jackson reports 21 cases in which 
there was no coexisting abnormality of the 
esophagus. 

The author has records of 21 cases. He dis- 
cusses the roentgen findings, which are il- 
lustrated by roeentgenograms. On the basis of 
his findings he concludes that peptic ulceration 
of the esophagus and partial thoracic stomach 
are inseparable. They are seen chiefly in elderly 
people, especially of the sthenic build, in whom 
the development of hiatus hernia is almost a 
normal process. The frequent regurgitation of 
acid, in association with other factors, may 
cause peptic ulceration which becomes chronic 
and causes sufficient cicatrization to shorten 
the esophagus and produce partial thoracic 
stomach. There is no doubt, however, that in 
some cases the partial thoracic stomach is 
congenital. The author reports one proved case 
in a young man of twenty-three in whom no 
hiatus hernia was found . — Audrey G. Morgan. 

ABDOi\rEX 

Levine, Samuel, and Solis-Cohen, Leon. 
Survey film diagnosis of acute surgical abdo- 
men. Snrg., Gynec. & Obst., Jan., 1944, 
76-82. 

A minimum of three roentgenograms should 
be taken: a high and a low supine view and an 
upright view. In cases in which the patient’s 
condition permits, roentgenograms in the prone 
and lateral decubitus positions are advan- 
tageous. A few of the many interesting points 
brought out in tlie article may be outlined as 
follows: 

I. Ruptured peptic ulcers are more often the 
cause of free intraperitoneal air than ruptured 
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'945 


tioiij no free air may be seen. ■ , ^ °^^be lumbar spine obliterat 

mg the left ileopsoas line. 

H- In atresia of the sphincter and in the 
newborn, .t may be advantageous to examine 
ite patient in the Trendelenburg position; dis. 
tention of the large bowel including the rectal 
ampulla, the column of air stopping short of 
the anus, may be noted- 
Vastine. 


may be seen. 

2. When air collects beneath the left dia- 
phragm It may be confused with the magen- 

K T this, a right decubitus view 

should be taken. 

3- After laparotomy free intraperitoneal air 
will persist for about ten days. 

4- In hepatocolic interposition, care must be 
exercised in interpreting the upright view. 

■ Iti cases of intestinal obstruction, the more 
pioximal the obstruction, the greater the degree 
of intestinal dilatation. If there is marked small 
intestinal dilatation the involvement is most 
likely jejunal since more secretory activity oc- 
curs in the jejunum than the ileum. It is usually 
abnormal to find gas within the small bowel. 

6. Ingested air may traverse the small 
bowel in six to fifteen minutes. 

Morphine may cause gas to appear in both 
the small and large intestine. Morphine affects, 
chiefly, the duodenum. The duodenum is first 
constricted and then dilated by this drug. 

8. Ordinarily the ileocecal valve blocks the 
egress of gas from the small into the large bowel. 
In sigmoidal obstruction of long standing there 
may be regurgitation of air into the cecum with 
marked distention or even rupture of the cecum. 


-Mary Frances 


Brindley, G. V. Acute obstruction of the colon. 
Editorial. Surg,, Gynec. ^ Obsl., Ma}^, 1944, 

/ S , 556-558- 

It is conservatively estimated that ao per 
cent or more of the patients with acute obstruc- 
tion of the colon lose their lives. 

Etiology of Large Bowel Ohslruction. The 
etiology is quite varied. However, a fact worthy 
of emphasis is that carcinoma produces ob- 
struction in this part of the intestinal tract in 
80 per cent or more of the cases. About 10 per 
cent of all malignant lesions of the colon pro- 
duce obstruction and, of these obstructions, 7 
out of 8 are in the left half. Obstructions of the 
colon due to malignant disease occur mainly in 
elderly persons for 70 per cent of the patients 
with cancer of the colon are over fifty years of 
age. The next most frequent causes of obstnic- 
Therefore, tremendous dilatation of the cecum fjoj, in this region are volvulus, diverticulitis. 


on survey roentgenograms should arouse the 
suspicion of a low colonic obstruction. 

9. In a lacerated spleen, the blood gravitates 
along the gastrolienal ligament so that the 
greater curvature of the stomach assumes a ser- 
rated appearance because of the juxtaposition 
of the adjacent hematoma. The stomach is dis- 
placed to the left and the colon downward. 

10. Mesenteric thrombosis yields a picture 


chronic inflammation, benign strictures, and in- 
tussusception. 

Clinical Features of Obstruction. The symp- 
toms develop more slowly in occlusions of the 
large intestine than in those which occur in the 
small bowel. However, when the obstruction 
has persisted long enough for the blood supply 
of the intestine to become impaired, the patient 
will frequently pass rapidly into a serious state 


the colon. 


similar to that of ileus. In this type of case, the jn a question of hours his condition 

SrinKstinal loops are only slightly dilated, come hopeless. The “ 

Me.senteric abscess produces a homogeneous changes which develop rapidl) in obstruct 

Splqtle sSSv snirounded by dilated small small intestine are not seen m occlusions of 

intestinal loops. ^ j -^u 

11 Volvulus is invariably associated with 
considerable elongation and reduplica tion of the 
siemoid. In this condition, markedly dilated 
loops of large intestine usually are seen near the 
hepatic flexure. 

12- In tuberculous adenitis, one may encoun- 
ter complete duodenal obstruction resulting m 

marked gastrectasis. 

12 A ruptured abdominal aneuiN 

simulate an acute suigicai 


Treatment. , 

I. Obstruction due to bands u-suaily demands 

,lv the severance of the bands. 

? Obstruction due to benign -?tncture usu- 
*• . . * arniiini tnt 


rysm 
abdomen. 


may 

The 


ally requires an 
obstructing segment. 

3. Torsion of the 
reduction or resection 


entero-nnastomosis aroin 


intestine is treated 
of the volvulus. 


bv a 


duction or resecui.... c., | |,vcn- 

4. Obstructions occasionally productu . 
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dometrial adenomas can be controlled by sur- 
gical attention to the female generative organs 
or by means of radiation therapy. 

5. ' Diverticulitis seldom produces complete 
obstruction and an occlusion due to it can usu- 
ally be decompressed by medical management. 

6 . To cure an occlusion of the colon due to 
carcinoma, it is necessary to resect the lesion 
widely. Experience has shown that a primary 
resection of the colon should never be done in 
the presence of an acute obstruction which is 
due to a neoplasm for it is unnecessary and the 
mortality is prohibitive. A cecostomy or colos- 
tomy in the transverse colon is indicated to 
relieve the distention. Usually the obstructed 
colon is decompressed adequately by this 
means for a safe resection later . — Mary Frances 
V astine. 

Birxkraxt, Miltox. Traumatic serous cyst of 
the lesser omentum. Radiology^ Jan., 1944, 

Serous omental cysts are rarely of traumatic 
origin. In fact only i case has been described 
before thisone. In this case the patient was a car- 
penter twenty-three years of age. His assistant 
fell from a scaffold and in so doing struck him 
in the abdomen with his elbow. He felt severe 
epigastric pain followed by colic and persistent 
vomiting. The pain abated and his condition 
remained stationary until the eighteenth day 
when he had a recurrence of the abdominal 
pain and vomiting. A roentgenogram of the 
abdomen five days after the injury showed the 
colon distended with gas with the middle part 
of the transverse colon at the third lumbar 
vertebra. A barium enema seventeen days later 
showed the transverse colon at the level of the 
lumbosacral articulation. It was concave up- 
ward and the haustral markings were lost. 
There was a diffuse homogeneous opacity in 
the upper abdomen. The findings were thought 
to indicate a mass depressing the transverse 
colon. 

Operation showed the upper abdomen filled 
by a large round encapsulated mass which de- 
pressed the stomach and displaced it forward. 
The gastrocolic membrane was thickened and 
infarcted. It formed the anterior wall of the 
tumor which was found to be a cyst of the lesser 
omental sac. Five thousand cubic centimeters 
of straw-colored fluid were withdrawn. The 

Tk ^ walls were marsupialized. 

he patient made an uneventful recovery and 


has been under observation for four and a half 
years. Roentgen examination at the end of four 
years showed the transverse colon in normal 
position with return of the haustral markings. 

There may have been a pre-existing small 
simple serous cyst, but even if there were, the 
trauma was of primary importance in creating 
the condition found on operation . — Audrey G. 
Morgan. 

Huidobro, F., Moxtero, E., and Cuevas, F. 

The effect of certain drugs on the motility of 

the jejunoileum in normal man. Stag., 

Gynec. £> Oht., Matq 1944, 7 ^-> 47 ^~ 47 f*- 

The movements of the jejunoileum and the 
action of drugs commonly indicated for use in 
relation to this part of the digestive tract were 
studied in 11 normal volunteers without evi- 
dence of digestive disturbances. The move- 
ments were recorded on a kymogram from a 
Mary tambour connected with the balloon of a 
Miller-Abbott tube introduced into the intes- 
tine 2.5 to 4.5 feet below the pylorus. 

I. Amyl nitrite decreased markedly the in- 
testinal movements and the tonus of the jejuno- 
ileum. The effect was brief. 

1. Nitroglycerine did not affect intestinal 
movements. 

3. Theophylline ethylenediamine (cardio- 
mine Collier) acted like amyl nitrite but less 
intensely and for a longer time. 

4. Methyl octenylamine (octinum Knoll) 
and diphenyl diethylaminoethanol hydrochlo- 
ride (trasentin Ciba) decreased markedly the 
amplitude of the intestinal movements for more 
than sixty minutes and tended to decrease the 
tonus. 

5. Pitressin and prostigmine increased the 
spontaneous motility of the small intestine; the 
effect of the former was more intense and more 
constant than that of the latter. 

6. Atropine sulfate and morphine sulfate de- 
creased the motor activity of the jejunoileum. 
The former may^ cause the exaggerated motility 
produced by pitressin to disappear, and the lat- 
ter, in a large dose, may cause the intestinal 
movements almost to disappear and slightly^ in- 
crease the tonus . — Mary Frances Vastine. 

JuxGMAXN, H. Hodgkin’s disease of the stom- 
ach. Brit. J. Radiol., Dec., 1943, 386-387. 

There are few proved cases of Hodgkin’s dis- 
ease of the stomach. A case is described in a 
man of sixty who for some time had had inter- 



204 


Abstracts of Roentgen and Radium I 


iterature 


August, 
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,hl f C '® '* therefore, to stniiv 

■mamiT “eete hefot 

ihS “t" ™o'"' ,*'=,=”’=11 intestine. If 


Zn?lK Pni" t>"d for nbout two 

incais. Otherwise he was fairly well- 
normal, no vmniting, Roentgen exami^^ation 
showed general, zed disease of the stomach of 

tic nature of a hypertrophic gastritis with in- • • . , j; 


infiltrated cardinoma extending almost to the 
cardia. J otal gastrectomy and splenectomy 
were Performed. Rathological examination 
showed Hodgkin’s disease infiltrating all coats 
with an especially large number of proliferated 
reticulum cells. 

There are three types of Hodgkin’s disease of 
the stomach: an ulcerative type with multiple 
fi.it ulcerations, a tumor-hke type usually situ- 
ated^ in the prepyloric region, and changes in- 
volving the whole stomach which have been de- 
scribed under the heading of polyposis of the 
stomach. This case belongs to the last type. Al- 
though peristalsis was very sluggish in this case 
it was not entirely absent as it is in cases of ex- 
tensive malignant infiltration. This may be used 


Three cases of entero-enteric intussusception 
are described and illustrated.— G. Mor. 
gan. 

Hurst, Akthvk. Dyschezia andmega colon. 

Kadtology, Feb., 1944, 128-135. 

The author criticizes a paper published by 
JJelano, Ronayne and Boland in the December, 
194^5 number of Radiology in which they say 
that dj-schezia is merely a misnomer for mega- 
rectum. Hurst holds that these are two entirely 
different conditions. Dyschezia is difficult def- 
ecation caused by neglect or disregard of the 
conditioned or habit reflex on which evacuation 
is based. It can be cured by restoring the de- 
fecation reflex to activity. Usually an explana- 


as a differential point between Hodgkin’s dis- of the physiology of defecation and ares- 


ease and cancer, — Audrey G. Morgan. 


toration of the habit is all that is needed. If 
the patient is still unable to empty the rectum, 
even though it is loaded with feces, an enema 
of a fluid ounce of glycerine should be given in 
the morning after an unsuccessful effort has 


Good, C. A/.ue.v. Entero-enteric intussuscep- 
tion. Radiology. Feb,, 1944,42, 122-127. 

The most common type of intussusception, been made. The strength of the enema should 
the ileocolic, is generally seen in infants but the be gradually reduced until the normal defeca- 
entero-enteric type, involving only the small tion reflex is restored. 

intestine, is frequent in adults and may be Megacolon is due to achalasia of the anal 
chronic- Generally there is some underlying sphincter or a failure to relax when the rectum 
cause for such an intussusception, such as tu- contracts during defecation. This leads finally 
mor invagination of a Meckel’s diverticulum, to enormous dilatation of the colon and hyper- 

enlargement of a mesenteric lymph node, ulcer- trophy of its Avails from the increased peristalsis 
ation of a Peyer’s patch, stenosis or adhesions, used in an effort to overcome the obstruction. 

Clinical diagnosis is more difficult than in the Improvement in functmn is the thing to be 

other forms as the appearance of blood in the aimed at in treatment. Once colon has bee 

stools occurs late andX tumor is often so small greatly distended _.t remains distensffile and ff 

dorr® t°ograde''filling of thf space between the bL"ma* to e^cuTS 

intussosceptum and the intussuscipien perforated along its axis to allow 

formation of a concentric ring ° T escape of gas from the intestine. .After it is 

sheath" image. There is a palpable ma^ second attempt is made to defecate 

site of the filling defect m the barium. Though passed a sec ^ ^ 

the roentgenogram or screen 

shows the insussusception it usually emptied the patient is 

reveal the cause of it. 
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usually able to have an evacuation every day. 
No aperients should be given but it may be nec- 
essary to give paraffin to prevent the feces 
from becoming hard. 

Recently various operations have been per- 
formed on the sympathetic nervous system with 
the object of reducing the tone of the anal 
sphincter. It has been found that when spinal 
anesthesia is given for these operations the con- 
dition is relieved even though no operation is 
performed. The author advocates giving a spi- 
nal anesthetic without sympathectomy when 
there is difficulty in emptying the rectum and 
pelvic colon by enemas alone. 

On page 190 of the same journal Delano re- 
plies to Hurst's criticism of his paper. He holds 
that Hurst’s reasoning is confused and that dys- 
chezia is not a clinical entity. — Audrey G. Mor- 
gan. 


LicHTM.-tx, A. L., and iMcDoK.A.LD, John R. 
Fecal fistula. Stirg., Gynec. ^ Obst., May, 
I 944 > 7 <^> 449-469- 


This investigation was undertaken in an at- 
tempt to provide a sound basis for the study of 
the causes of persistence of fecal fistulas and the 
utilization of this knowledge in the application 
of the proper treatment for the cure of the fis- 
tula, From 1930 to 1941, inclusive, 590 cases of 
fecal fistula wereencountered at the Mayo Clinic. 
In 58.2 per cent of these the external opening 
was in the right lower quadrant of the abdomen. 


C/ass jjicati on. 

1. Cause. Congenital, hlost fistulas of con- 
genital origin terminate at the umbilicus and 
represent a patent omphalomesenteric duct. 
They are rare. None was found in this series. 

2. Acquired. Pathologic or spontaneous fistu- 
las follow spontaneous rupture of a section of 
the intestinal wall due to infection, malignant 
lesion or impeded circulation. Traumatic fistulas 
include those following gunshot wounds, perfo- 
rating wounds and fecal fistulas associated with 
compound fractures and hemorrhages. Postoper- 
ative fistulas include: (i) intentional, those oper- 
atively created for decompression in obstruc- 
tion, to rest a diseased section of bowel, or 
prophylactically to protect a freshly sutured 
bowel; (2) accidental, those following opera- 
tions involving malignant lesions, and those fol- 
lowing inflammatory lesions of the intestines. 
I he fecal fistula usually appears in the imme- 

late postoperative period. Occasionally, how- 
ever, there is an interval of as much as six to 


twelve months between the operation and the 
development of the fistula. 

Pathologic Anatomy. The presence of foreign 
body giant cells laden with small cotton fibers 
in the wall of persistent fistulas suggests the 
danger of the vigorous swabbing, grasping, and 
packing with dry gauze so widely practiced. The 
lint left behind on the delicate peritoneal sur- 
face is visible on careful inspection during an 
operation. Although cotton suture itself may 
not arouse much of a reaction, finely divided 
lint plus pressure or bruising injury to the peri- 
toneum stimulates a proliferative fibrous reac- 
tion with the formation of fine adhesions. Com- 
bined with the formation of a fistula this rather 
minor reaction is enough to cause persistence of 
a fistula otherwise predisposed to heal spontane- 
ously. Similar proliferations are produced by 
talc, petrolatum, or lycopodium. 

Factors which maintain fistulas. 

1. There is a distinct, active lesion in the in- 
testinal wall at the fistulous opening which pre- 
vents spontaneous closure. Operative closure 
can be successful only if this diseased segment 
is excised. 

2. Foreign substances such as cotton fiber, 
talc, lycopodium, petrolatum, and products of 
degeneration embedded in the fistulous tract it- 
self may alter the processes necessary for spon- 
taneous closure of the fistula. 

3. The defect or diseased portion in the intes- 
tinal wall may be too large for spontaneous 
closure, since contraction of scar tissue suffi- 
cient to close the fistula would produce constric- 
tion of the intestinal lumen. Here also resection 
of the diseased though quiescent segment of the 
intestine is essential for closure of the fistula. 

Summary. The authors emphasize that in the 
majority of the cases active intestinal lesions, 
such as regional enteritis or the presence of some 
granuloma-stimulating microscopic foreign sub- 
stance was found. It is maintained that the per- 
sistence of fistulas after appendectomy for 
acute appendicitis is due to an ulcerative or 
granulomatous lesion of the region, an abscess 
cavity, gangrene, or constriction of the intes- 
tine below the fistula. Fistulas resulting simply 
from the pressure of drains, misplaced sutures, 
the nicking of the intestine, inversion of the ap- 
pendiceal stump or failure to invert it, will heal 
spontaneously. Persistence of the fistula is evi- 
dence of an inherent lesion of the intestinal wall 
or a microscopic or macroscopic foreign sub- 
stance. — Mary Frances Vastine. 
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Robertson, H. E., and Dochat. George R. 
I regnancy and gallstones,- collective review 
inlernaitonal Absl. Surg., March, 1944 
193-203. ’ 

It has been frequently stated that “90 per 
cent of all women who have gallstones have also 
borne children. The authors decided to test 
the validity of this generally accepted remark, 
I hey analyzed the records of 16,936 cases in 
which postmortem examination was performed 
at the Mayo Clinic during the years 1910 to 
1942 inclusive. The cases included only those in 
which opportunity was afforded for theexami- 




malities were suspected. By such cx.™,i„,ni„,, 

int T T"'"'"" f'" -'‘S" of'''" 

tetal death, normal and abnormal fetal 


|K)s 


tions, extension or deflection of the fetal lic-il 
engagement of the fetal heati and conecui; ,! 
and acquired di.scases. 

There is not enough lime in the bones of the 
fetus for roentgen visualization until it is alKiut 
fourteen weeks old. From thi.s time on, its ace 
can be estimated from the roentgenogram which 
should be taken in a lateral view. The fetal size 
and age can also be determined from the occip- 
itofrontal diameter of the head. Weight cm 
nation of the gallbladder and bile ducts. The foi- ^” 4 ' estimated and not always with com- 
lowing conclusions were reached: accuracy. The first .sign of fetal death is 

1. Gallstones occur more frequently (twice overlapping ofthe skull sutures. J.ater the spine 

or three times) in women than in men. Juay become abnormally, curved and the fetu,-. 

2. Many writers followed Schroeder and a.ssume positions which :ire obviously ah- 

Naunyn when they announced that 90 per cent i^ormai. The normal and abnormal positions of 
of women with gallstones had also borne chi!- fetus and extension and deflection of the 


dren, and all of these writers, therefore, con- 
cluded that pregnancy was conducive to the pro- 
duction of gallstones and accounted largely for 
the increased incidence of gallstones in women. 

3. Estimation of the relative number of 
married women who remained childless (13 per 
cent) plus the relative number of single women 
(7.8 per cent) gave the total relative number of 
women who had never borne children (20.75 
per cent); therefore, about 79.25 per cent of all 
women have had children. 

4, This last figure (79.25 per cent) corre- 
sponds very closely to the number of wornen 
with gallstones who had borne children. This 
latter figure in the postmortem series was 84 per 
cent. In the combined series reported by thirty- 


head are discussed. Patients are rarely sent for 
roentgen examination after the head is engaged, 
for after the head has descended well inro the 
pelvis there is little likelihood of dystocia. 

There are man}’ forms of fetal monstrosity 
and in all cases of cesarean section it is well to 
make a roentgen examination before operation 
to avoid delivery of a monster. One of the moa 
common fetal abnormalities recognized in ufero 
is acrania or anencephaly. It shows geometric 
soft smooth shadows surrounding the tctiis anti 
a thick layer of subcutaneous fat mande.'.ted by 
a broad black line of demarcation. FlepbantiaM^ 
congenita is shown by extensive depfisit'. 
around the fetus. In symmeltis or nicrmrud 
there is a greater or less degree of fioion f>t the 
bones of the lower cxtremitic,'. Ostcoge: 


nc;F 

four authors, i i,i 54 of J4,oi6 women vntn gall- deformity of the bones uMJ-dly 

stones had had children, an average of 79.0 per multiple fracture.s. In hydroccp)i.'d»< the 


cent. , in. 

^ jg ajgo some evidence that gallstones 

occur earlier in women than in men. 

6. Thus it would appear that pregnancy can- 
not account to any great extent for the in- 
creased incidence of gallstones m women. 

7 The solution of these problems as well as 
thal of the real cause of gallstones still rcma.ns 
aconsiderablcmystery.--tM«0'-r'''’"f"' 

CYKECOI-OGV J^N'P OBSTETRICS 

Svow, WinuAM, and Nadei., .Mn.TON. Roent- 
gen study of the fetus m titero. Radiohgj, 

Feb.,i 944>-/^5 ^36-14^- ^ . 

The authors have made roentgen studies m 
over 2,500 cases of pregnancy m winch abno- 


with multiple . ^ . 

head is enormous. Premature cioMirc o. fir.' 
sutures or unusual tbicbening of the srudi may 
interfere with moulding and came f^y^'.•.c^a. 
Other abnormal fetal confiiiions that may if- 
recognized are extensive spina 
tebrae, supernumerary liieits, 
and fractures. — /Uidrey (> 


bifiiia, bi'nr-.cr- 
Rvpliilis rb-dief', 
Aforyit:. 


F 




Mom, Chassab. Faibdes in fcMie p 
tography. /Im. J. Ob;t. ^ 

./7, j 9^-2 II. 

'I'his study IS fomi the fkp.^rtmcr 
rics and Gynccf>!ogy, {. n'se 
rcp.''e''fntai- ve 'J- '*'■ 

obtained irom nonr.ai p-. 'e». 
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weeks of pregnancy. A critical analysis was then 
made of some 30 roentgenograms selected be- 
cause of technical superiority. The following 
conclusions are reached: 

1. Experiments show that the dark band sur- 
rounding the fetus in utero is the result of the 
relative transparency of the subcutaneous tis- 
sue of the fetus. It does not represent amniotic 
fluid. The conclusions of Weintraub and Snow 
are in the main confirmed. 

2. Experiments are described which prove 
that the uterine wall, the placenta, and the 
amniotic fluid are all similar in radiopacity. a 
local collection of amniotic fluid (caused by an 
uneven position of the fetus in utero) gives a 
shadow indistinguishable on ordinary examina- 
tion from placental tissue. The shape of the 
shadow may give a clue to its identity but cer- 
tainty in diagnosis is seldom possible on this 
basis alone. 

3. Critical examination of previous work 
raises doubt regarding the accuracy of the inter- 
pretation of the experimental finding. In some 
of the roentgenograms the thickness of the 
“placenta” considerably exceeds the thickness 
of the normal organ. 

4. The deep indentations frequently seen on 
the “placental” surface can readily be explained 
on the basis of the fluid nature of the shadow- 
producing substance. 

5- In test cases, the localized thickening of 
the uterine wall shadow (the placental site ac- 
cording to the original definitions) disappeared 
when external pressure was applied. 

6. In test cases, air introduced into the am- 
niotic sac revealed a uterine wall of normal 
thickness at the site of the supposed placenta. 

7. Positive findings from this method of 
placentography should be accepted with re- 
serve; negative findings may have a limited 
field of usefulness. — Mary Frances Fastine. 

GENITOURIXARY SYSTEM 

Abeshouse, B. S. Surgery of the congenital 
anomalous kidney. Surg., Gynec. & Obst.^ 
^larch, 1944, 7<y, ^88-303. 

It is generally agreed that congenital anoma- 
lies occur more frequently in the kidney than in 
n^ny other organ in the body. The most com- 
mon renal anomalies encountered are fused 
supernumerary kidney, polycystic kidneys, con- 
genital hypoplastic kidney, congenital ectopic 
’idney, and horseshoe kidney. The intrinsic 


lesion in a congenital anomalous kidney may 
manifest itself in one or more of the following 
changes: (i) extensive histopathologic changes 
associated with defective development of the 
fetal kidneys, i.e., embryonic, sclerotic or 
calcified glomeruli and tubules, cystic degenera- 
tion, etc.; (2) hydronephrotic atrophy second- 
arv to congenital obstructive lesions in the 
upper or lower urinary tract; (3) renal atrophy 
secondary to anomalous blood supply; (4) vari- 
ous types of inflammatory or suppurative le- 
sions of the renal parenchyma due to acquired 
infection; (5) calculosis secondary to obstruc- 
tion or infection. 

Renal Aplasia and Hypoplasia. Aplasia in- 
dicates a faulty developed kidney which is 
much smaller than normal and is composed of 
embryonic or calcified glomeruli or tubules. The 
hj’poplastic kidney is well developed from an 
anatomic and histologic standpoint but is di- 
minutive or infantile in size. The aplastic kidney 
is usually functionless while function in the hy- 
poplastic kidney is diminished. Renal aplasia is 
a rare anomaly. 

Snpernuinerary Kidney. When two separate 
pelves are found to be free or fused on one side, 
the upper pelvis is usually rudimentary and the 
parenchyma is hypoplastic, whereas the lower 
pelvis is well developed and the parenchyma 
possesses normal or near normal function. When 
the two pelves are intimately adherent or fused 
together, the anomaly is known as a fused super- 
numerary kidney. This is the most common 
renal anomaly. According to Campbell the in- 
cidence is I in 195 cases. The surface of such 
kidneys may be smooth and uniform or show a 
definite groove or constriction at the junction 
of the two segments. When the upper rudimen- 
tary segment is distinctly separate, the anomaly 
is considered as a true or free supernumerary 
kidney. 

The ureters in either anomaly may show a 
complete or incomplete duplication. When com- 
plete duplication is present, the ureter of the 
upper pelvis is straighter and narrower than its 
mate. The orifice of the ureter to the lower pel- 
vis is most frequently found to be superior and 
lateral whereas that of the upper pelvis is me- 
dial and inferior. The common site of the bifur- 
cation in incomplete duplication is in the upper 
third and least often in the lower third. 

Horseshoe Kidney. This is one of the common 
renal anomalies. Campbell found 60 cases in 
26,480 necropsies. The pathologic changes asso- 



2o8 


Abstracts of Roentgen and Radium Literature 


Cl a ted with urinary stasis are 
noted in this anomaly than in 
veioped kidney. This is due to interference with 
drainage from the pelvis and ureter which 
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by anomalous blood vessels. 

Sigmoid Kidney. This is one of the rarest 
types of renal anomalies. Young distinguishes 
two types: {a) the true sigmoid kidney— each 
kidney on the correct side of the body but the 
fused portion is situated in the midline of the 
body, and {d) the unilateral elongated (or 
fused) kidney — both kidneys fused on the same 
side of the body — a crossed dystopia. 

Renal Eclopia. The ectopic kidney is a con- 
genitally mispjaced kidney which has failed to 
ascend to its normal position. It is usually found 
within the true pelvis or at the level of the sa- 
cral promontory. It is to be distinguished from 
the acquired dystopic kidney (nephroptosis) 
whose variable mobility may be due to intrinsic 
or extrinsic factors. It is generally recognized 


tvere not invaded by this tumor. Bizarre met- 
astapc involvement of the spinal column can 
readily be explained by anastomosis of the 
renal veins with those of the paravertebral ve- 
nous system (Batson). 

Carcinoma oj the Renal Reims. In 1 1.9 per cent 
of the seriesj the neoplasm was a carcinoma of 
the renal pelvis. Invol\'ement of the lymphatics 
in the hilum of the kidney or tumor thrombosis 
of the renal vein or both were present in 44.7 
per cent of the cases of carcinoma of the renal 
pelvis. In these tumors, metastasis usually oc- 
curs in the periaortic lymph nodes or in thchmgs. 

fKihns' Tumor, 'fumor thrombosis of the 
renal vein or involvement of the perineural lym- 
phatics or both were present in I4, or 42.5 per 
cent of the cases of Wilms’ tumor. 

Sarcoma. Tumor thrombosis of the renal vein 


that slight degrees of congenital displacements was present in only 2 of the 20 cases of sarcoma 
are not unusual but marked degrees of displace- of the kidney. Involvement of the perinevra! 
ments are relatively rare. The congenital ectop- lymphatics was not encountered in any of these 
ic kidney is usually unilaterally displaced on cases. It would appear that in this tumor ami in 
the side that it normally belongs, but occasion- the Wilms’, neoplastic cells enter the vessels in 
ally may be of the crossed dystopic variety. — the kidney and metastasize from this point. _ 
ARary Frances Vastine. Prognostic Significance of Tumor Thrombosis 

oJ the Renal Vein. In cases of carcinoma oj tlie 

McDo,«.., JOB.V R and Pr.ssx.v, JaMHa 1 . 

Malignant tumors of the kidney; surgica and ^j^e lymphatics is greater than iris in cases of 
prognostic significance of tumor thrombosis -phf presence of tumor thram- 

of the renal vem. Surg., Gynec. L Obsl., Sept., ^^P invoivcmcnr of die 

I 943 > 7 /» 295-306. perineural lymphatics or both apparcnily h.i vc 

In cases of hypernephroma of the kidney, the influence on the five year survival rate in 

presence of tumor thrombosis of the renal vein of Wilms’ tumor. In cases of snreoma 

■ of definite prognostic significance. The prog- kidney, the presence of throtidiosis ol tJic 


nostic significance is comparable to that of in- 
volvement of the lymph nodes in cases of car- 
cinoma of the breast or gastrointestinal tract. 

Method oJ Study. In order to determine the 
incidence of tumor thrombosis of the renal vein 
and the effect of such thrombosis on the ulti- 
mate survival rate after nephrectomy for mahg- 
ITant neoplasm, a dissection was made of the 
vein, arterv, and their tributaries in the hilum 
ohverv kidney that had been removed because 
of a malignant neoplasm at the Mayo Chmc m 
the vears 1904 » inclusive. In ail, appr .. - 
wat'eJy 700 kidneys were examined. 

Hypernephroma. 3 'he rumor 


renal vein does not appear to be of progiK^sfic 
sicnificance. — Mary Frances Fasisne. 


Jom. I'. 

r.nd ah- 
yrci'., 
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in the urinary tract generally accepted as phys- 
iologic, viz., dilatation of the ureter. A group 
of 108 women in various stages of pregnancy 
and' the puerperium were studied by means of 
intravenous pyelography. Diodrast was used 
throughout. In all, 113 pyelograms were taken. 
Five patients were examined twice. 

Summary of Findi7igs. 

I. Twenty-three normal pregnant and puer- 
peral women showed the changes usually asso- 
ciated with pregnancy. This ureteral dilatation 
(above the pelvic brim) does not ordinarily be- 
gin until the sixteenth week or later. 

1. Post-par turn studies in the normal group 
revealed regression to be rapid and in the major- 
ity of instances complete by the tenth day. No 
conclusive difference in relation to parity could 
be demonstrated. 

3. Studies of 81 women whose pregnancy was 
complicated by toxemia or urinary tract infec- 
tion revealed that in this group dilatation ap- 
peared as early as eight to twelve weeks and 
post-partum regression was far less frequently 
complete by ten days. When the infected group 
(26 patients) were assessed separately, these 
differences were exaggerated. 

4. The reason for this delayed regression in 
toxemic women is not clear. 

5. It is concluded that urinary tract infection 
and toxemia enhance the normal tendency to 
dilatation of the urinary tract in pregnancy and 
interfere with the usual prompt regression of 
these changes. — Maiy Frances Vastine. 

Chamberlin, George W., and Payne, Frank- 
lin L. Urinary tract changes with benign pel- 
vic tumors. Radiology, Feb., 1944, 42, 117- 
121 . 

The authors review the literature of the sub- 
ject and discuss 96 cases of benign tumors of 
the pelvis in which they have studied the pa- 
tients by excretory urography since 1937. Of 
these patients 66 (or 68.7 per cent) showed 
roentgen evidence of either displacement or ob- 
struction of the ureters or both. There was ob- 
struction in 47.9 per cent, displacement in 12.5 
per cent and both in 8.7 per cent. There were 
urographic changes in 72.5 per cent of the pa- 
tients with myomas, 43 per cent of those with 
ot anan cysts and 80 per cent of those with both 
St and myoma. This does not agree with the 
n mg of Kretschmer and Kanter that changes 
are more frequent with ovarian cysts than with 
^tijomas. The size of the tumor has some effect 


on the degree of displacement or retention but 
the authors think the position of the tumor in 
relation to the pelvic ureter is more important 
than its size. Impacted or intraligamentous 
tumors caused the greatest changes. 

The changes seen in these cases were quali- 
tatively the same as those seen in pregnancy but 
were usually less pronounced. The changes in 
pregnancy are often attributed to hormones but 
these cases furnish evidence that the changes in 
pregnancy may be caused by pressure also. The 
urographic findings do not show the type of 
pelvic tumor. However, absence of function of 
one kidney is indicative of malignancy, while 
simple displacement or retention is more apt to 
result from benign tumor. All of the changes 
described here disappeared completely after 
operation. 

The authors recommend excretory urography 
as a valuable preoperative study in cases of 
benign pelvic tumor. 

In the discussion Dr. Gardner said he 
doubted the great value of urography in these 
cases. Too often the part of the ureter that is 
obstructed or displaced so that it might be in- 
jured during operation does not show in the 
urogram. There are better methods of demon- 
strating the exact location of the ureter, such as 
stereoscopic study of retrograde pyelograms or 
by leaving ureteral catheters in place so that 
they can be palpated during operation. He also 
said he believed the authors should have record- 
ed the number of children the patients had for 
he believes there is always some residual atony 
of the ureter after delivery and multiparous 
women would therefore show greater ureteral 
dilatation with lesser degrees of pressure from 
tumor than nulliparous ones. 

In closing. Dr. Chamberlin agreed with Dr. 
Gardner in regard to the question of residual 
atony of the ureter after pregnancy. He also 
said that in some cases of intraligamentous or 
incarcerated tumor the lower ureter cannot be 
demonstrated, but if it can it is of great value 
in operation. — Audrey G. Morgan. 

ROENTGEN AND RADIUM THERAPY 

Figi, Frederick A., New, Gordon B., and 
Dix, Christopher R. Radiodermatitis of the 
head and neck with discussion of its surgical 
treatment. Stag., Gynec. ^ Ohst., Sept., 1943, 
77, 284-294. 

Chronic radiodermatitis is encountered 
fairly frequently. It occurs more often following 
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roentgen therapy than after radium treatment 
and the former is usuaDr of greater seriousness 
because ot the more extensive area involved. 
The tendency of irradiation to induce serious 
cutaneous changes is increased bv ravs from 
other sources, such as sunlight and ultraviolet 
and infra-red irradiation as veil as chronic ir- 
ritation of other types. The skin of certain per- 
sons is unduly sensitive to irradiation, either 
because of lack of normal pigment or because 
of an idiosyncrasy. Excessive reaction is ob- 
served particularly among those who have a fair 
or ruddy complexion, red hair or a thin, dry 
skin. 

Radiodermatitis may occur either as an 
acute process reaching its height within a few 
weeks following exposure to the rays or as a 
chronic condition becoming manifest only after 
the lapse of months or years. The acute form is 
comparable to the three stages of burns except 
that the process progresses much more slowly. 
A dusky blue erythema is noted at the end of 
two weeks and either exuding or dry dermatitis 
after three weeks. A permanent brown dis- 
coloration due to increase of melanin and tem- 
porary or permanent loss of hair may follow 
this. 

The necrosis, sloughing, and secondary infec- 
tion of this stage often produce protracted dis- 
ability, for healing occurs only after many 
weeks or months. The most destructive effect 
of the irradiation occurs in a central area and 
gradually decreases toward the periphery of the 
exposed kirface. Months after the delayed heal- 
ing the central portion of the area may break 
down airain and the prolonged, painful shnigh- 
ing and'ulceration recur. Chronic radiocicrmati- 
tis is usuallv preceded by the acute form, a 
latent period of from one to ten years generally 
intervening. 


Pathology. 

1. Complete loss of the appendages- oj the 

2, The replacement of normal coHagen by a 
peculiar dense hyaline Cfillagen, ^ 
Obliteration of the small vc-c!s m ? he 
corium of the skin and subcutaneou- .1- 

sues. . , * , 

Necrosis and rarefaction in die civrmm 

usually asv-ociafca vno .no ... 

c. Lpanitiveprolifenuionvvidihvrerrrophy 

pf the epidermis. 


Tjratmnu. The acute stage h 
unless excessive rcactkin is fv-'esent ana stne- ■ 
treatment !s contraindicated durinc thi^ rvr; , 
The chronic stage is progressive .and tiicrc 
decided tendency for epithelioma to dcwl-' 
Surgical removal is the only means cc'contr.. 
ling the condition when secutularv irradi.v; 
changes are pronounced. Tiie surgical teci 
nicjue employed hy the auriK>rs ui the fre.stmc' 
of chronic radiodermatitis of the head and n-;v 
is given in detail — Franus /I'.t.'o;.-. 


Bv.ars, I.orts r. The ‘‘m.alignant” heri!;U',.n 
oma. •S’.vrir., Cwnr. CT Avc.. J',", 
193-198. 

In infants, the arreri.al hemangio-ma inU't In- 
given close consideration iiecause uf its fend, 
ency to spread, to tleforra or destru} fV-iiure-. 
to invade deep tissues anti, in ■'ome ir'-'tanr. .. 
to produce death, 'riiis type may ccrtainiy Iv 
termed malignant. It is .‘-fated in medtoa; hr. 
erature tliat such birthmarks may imapp.-..r 
spontancou.siy. Except for the light reddn.k 
splotchy areas over the back of the neck a:ui E,-- 
tween the brows frequently seen in infant-, n 
is doubtful if such recession occutn. 

c/yc 0/ Tnr,t)tii'f;t. Often the hcnumg.O.m ; 
appears in the fir.'t month of life. I fie prop-r 
time for treatment is as soon after apj'v-v.u'.’e 
of the lesion as possible. 


Choke of Treatment. 

1 . Eortwine stain, llu’^ le-ron mioiw 
full thickness of the -.km, r- a re.ul h. 5' 
blotch, and grows ..nly as the cluM gr--v - 
not sensitive to irradiation as a tio;., 

2. The e'Cfious angiom.!' 1 h-' 

large chnnneK filled with vew-u-Jv.-.: 
crowth is slow. ( re.itmcnt t- -u'C :.o. ‘ 1‘ 
aiiv, the tnrer-rifial u-c -.f r.nion ; - iw-poc 
d'hc arterial ane;o:n.u 

;i. Cuneryik-fruerrmo' -or.-. w'’-' 

siiould be O-m-Mervd M * .O'.. 
•‘"J'''"*''--'- , 

1,. Thce.i!i-v;.iao;.;e?. . .o-- 

‘ ' ! ! .1,-1 11 - I V " ‘O'. ’ > ■ ■ ' ■ 

<;!• I O' i. o o . !■ . t 
otis .'e-a j 

e, S-arf.U'v le-ir.'!- "■ ‘ ' 
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be employed. The total dosage may 
usually be calculated as one radon seed 
per cubic centimeter of tissue to be ir- 
radiated. 

Complications. 

1. Ulceration of the tumor. This appears 
spontaneously without trauma in many cases. 

2. Secondary deformity. 

3. Recurrence. Secondary treatment may be 
necessary if some portion of the tumor is not 
controlled at the original treatment. 

4. Late surgical repairs. 

5. Retention of gold seeds. There is no tissue 
reaction to the gold seeds which are contained 
in the tissues. Occasionally they may be visible 
under the skin and if so, they may be removed 
later. 

Response to Treatment. The more rapidly 
growing hemangioma responds more readily 
than does the slower growing one. Ideally, 
progressive improvement should occur over a 
period of six months to a year in cases in which 
the minimum but adequate dosage has been 
used. — Mary Frances Vastine. 

Warren, Shields, and Tompkins, Victor N. 
Significance of the extent of axillary me- 
tastases in carcinoma of the female breast. 
Surg..^ Gynec. & Obst., March, 1943, 76, 327- 
33 °- 

The most important factor in predicting the 
survival of patients with carcinoma of the fe- 
male breast after operative treatment has 
proved to be the presence or absence of me- 
tastases to lymph nodes in the axilla. It is gen- 
erally agreed that the five year curability by 
surgery of operable cases in which the disease 
is limited to the breast is about 70 per cent, 
Avhile that of the operable cases in which there 
are metastases to lymph nodes is about 23 per 
cent. So far it has been customary to note the 
presence or absence of lymph node metastases 
without determining the number of nodes in- 
volved. The 1 71 patients for this study were 
selected on the basis of available pathological 
material from those treated at the Pondville 
Hospital from 1927 to 1936 inclusive. The re- 
sults of the study were: 

I. Effect of extent of axillary metastases. The 
most significant finding is that curability on the 
oasis of “five year cure” or longer periods of ob- 
servation is inversely proportional to the extent 
of metastasis in the axilla. Fifty per cent cure in 


the group with least axillary involvement and 
16 per cent cure in the group with most axillary 
involvement varies significantly from the aver- 
age cure rate of 28 per cent for the whole group 
with axillary metastases. Seventy-seven per 
cent of those with all their lymph nodes in- 
volved were dead in two years whereas only 20 
per cent of those with less than half their nodes 
involved died in a similar time. 

2. Effect of type of primary carcino7na. It 
would seem that the type of tumor has less sig- 
nificance in prognosis than its extent. The 
breast tumors are not graded according to the 
method of Broders because the authors believe 
the personal equation in the process to be very 
great and the results have not been found to be 
significant. 

3. Recuirences m the operative scar. For this 
series at least, recurrences in the operative scar 
increased with the extent of the disease in the 
axillary lymph nodes. It is reasonable to sup- 
pose that patients in whom metastases have oc- 
curred to axillary nodes should also have other 
metastases to the skin or the chest wall, thus 
increasing the likelihood of recurrence in the 
scar. The incidence of recurrences in operative 
scars suggests that they are of the nature of 
metastases or extensions rather than implants. 

• — Mary Fj-anccs Vastine. 

Mazer, Charles, and Greenberg, Rose. 

Low-dosage irradiation in the treatment of 

amenorrhea; analysis of an additional ninety- 

two cases. Am. J. Obst. fs? Gynec., Nov., 

I943 > 4 ^, 648-654. 

The authors summarize their article as fol- 
lows: 

1. A follow-up for nearly three years of 92 
additional cases of amenorrhea, treated by 
means of low-dosage irradiation of the pituitary 
gland and ovaries, shows that 65 (72 per cent) 
of the patients have been menstruating nor- 
mally. 

2. The data gathered from a long-term fol- 
low-up of 165 cases, similarly treated and pre- 
viously reported, show permanency of the 
cures and the safety of the procedure to both 
the patient and her offspring. 

3. Of the 92 amenorrheic patients in the 
present group, 54 desired offspring but had not 
conceived despite the intensive use of organo- 
therapy and other measures for several years. 
Twenty-eight (54 per cent) of the 54 barren 
women conceived and carried to term healthy 
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infants; 2 aborted during the first trimestpr nf 11 , . 

pregnancy. All of the 30 women have been tW ^T'ccrWr'"'''’’’ 

prXncy."® “f G' ™P -- Carcino.na' of ,he cervix with 

A A ‘;nrwv rxf , , tionable parametrial thickening. 

- ^ emoma patients to be reported by },)r. Ru'-v., ii 

dcAlvarez, it was noted that in fih per <vn.r ->? 
the cervical ca.se.s death was the resnh {.f pre- 
mia, and/or impaired renal function caun\l by 
encroachment of the neoplasm or sear thAu- 
upon the ureters. 

L/y Edit cat iou and Early Tn-altnrn!. Its iv;,;. 
the author reported an average time waste I't 
6.2 months prior to the patient V .seeking mn!- 
ical advice. In 194?, R. M. Collins nottai ,'sf! 
av'erage time waste of seven months beturt n 
the otJSCt of the first symptom and the flf'-t 
examination. When we consider the chih.initv 
program.s carried on hy mitional, .•'tatc and 
county organizations directed specifically to- 
ward the elimination of this time waste (.u tor* 
the results of these efforts cannot be con-nb 
cred very cncouraging.'"'d/rtry Eraticis ! u<iin,% 


5. Technique of irradiation: 135 kv,, ? ma., 
at a distance of 35 cm., with 0.25 mm. Cu and 
I mm. A 1 filtration through an anterior pelvic 
field. A dosage of 50 to 90 r, measured in air, is 
given and this is repeated three times at inter- 
vals of one Aveek. The pituitary gland is treated 
with the same dosage at the same time through 
a field of 5 by 5 cm. just above and posterior to 
the mid-point of a line joining the outer canthus 
of the eye and the externa! auditory meatus. — 
Mary Frances Vastine. 

Miller, NouMAsr F. Consideration of certain 
factors pertaining to the control of carcinoma 
of the cervix. Am. J. Ohst. Cf Gynec.y Nov., 
1943,^(^,625-634. 


Cancer destroys more lives tlian the com 
bined toll from tuberculosi.s diabetc.s, appendi- Ia.v, :mil Ikmn, Ions- W. O.t. 

citis, cirrhosis of tlie liver, alcoholism, and auto- 
mobiles. 

In 1931, tlie Gynecology Tumor Conference 
was inaugurated at Ann Arbor. Since this time, 
nearl)^ 2,000 carcinomas of the female generat- 
ive tract have been carefully evaluated and 
treated. Of this number, 65.8 per cent, or 1,235 
were cervical cancens. 

^ua/l/y oj TrcalmoH. A table which gives a 
panorama of five year survival rates since the 
turn of the century and in the hands of differ- 
ent investigators is enlightening. In some casp 


surgery alone has been used, in other.s irr.adia- 
tion. In other instances a combination of the 
two has been employed. The highest .surviv.al 
rate is 58 per cent and the lowe.st 20 per cent. 
The author writes, "No one expects im- 
possible, but there is good reason to Iwiicvc 

that therapy is disappointing.’ 

Clinical Grouping ,— ar the t nivcr.su> 
of Michigan Hospital. 

Group I- Verv early carcinoma oJ the cervix. 
This group includes the early mispumms ol- 
ten ’unrecognizable clinic.ally carcmom.is ot 

GrmlpT'Aiiy clinic:.ny rveynivn!.!'-- bSwb- 


gcnic sarcoma; modified nomenciauirc an.! 
a review of 1 iS five year cures. Snr,:;., Cveo-., 
id Obsl.^ Oct., ! 943 > // 1 4 b' “ 4 * ' • 

The authors prci^m a review of i iK five >c.r 
cures and 47 fatal re.svilts of osteogenir mr.-.n:,. 
of bone. T'hey believe that the term 
sarcoma" is best used as a gcncnc <ic ■L.-feUf"-* 
for the triad of connective tisMic p'* 

mary in bone. 'I'his tri.a<i indudev; it) 
sarcomas (those sarcrana*- Lh.u.Hfto 
bone production), 12) fibrobartom.-’S , 

chondrosarcomas. 

.Nummary of Findinxi. 

I. True ostf.-oarcoma is an abiO'-r or. 
fata! form of nfopsm-m. 


, ! 


iMluosarcoma 

nant form r 


!■-. a 


1 * I fS 


or- 


■ati' 


CTumifro'-artven.' 
liian poMflo.--! y€ 
equal prop 
fatal <v.'c-._ 
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5. Natural selection determines curability 
to a greater degree than does early treat- 
ment for the delay in radical treatment is 
much greater in the cured than in the un- 
cured neoplasms studied. 

6. Biopsies were performed with more fre- 
quency in the cured cases than in the 
fatal cases. 

7. The value of irradiation as a complemen- 
tary curative agent in osteogenic sarcoma 
cannot be inferred from the data presented 
in this study. Actually, there is no signifi- 
cant statistical difference evident as a re- 
sult of irradiation as approximately half 
of both the cured and uncured groups, in 
each of the three types of osteogenic sar- 
coma, were so treated. This does not im- 
ply that irradiation may not be of pallia- 
tive benefit in many cases. — M^iry Frmiccs 
Fasthie. 


MISCELL.ANEOUS 

OuiMBV, Edith H. Some aspects of the teaching 
of radiological physics. Radiology, Oct., 1943, 

■/A 3 15-3 29- 

The author points out the importance of 
close cooperation between radiologist and phys- 
icist in teaching and emphasizes some of the 
points in which the teaching of radiological 
physics is apt to be defective. The general sub- 
ject of radiological physics includes (i) the 
purely physical part, covering generation of 
roentgen rays, radioactivity, interactions of 
radiation and matter; (2) measurement of qual- 
ity and quantity, including calculation of dcs- 
(3) calibration and records, and (4) protec- 
tion. The first part is quite adequately treated 
in books and papers but when it comes to the 
interaction of radiation and matter and its 
practical application, books are not so satisfac- 
tory. The blame for defective understanding of 
these matters is laid on the teacher. Too often 
not enough emphasis is placed on the practical 
application of various points. The student is re- 
quired to learn definitions and rules but is not 
made to work out problems that show that he 
understands them. The teacher should make 
certain that the student understands the appli- 
cation of his teaching before he is passed. Keep- 
ing up with current literature on the subject is 
very important. The matters of determining 
dosage and of protection are as a rule quite in- 
adequately understood by the student. A wealth 


of detail in regard to various physical points in 
radiology arc given and illustrated with charts 
useful in teaching. — Audrey G. Morgan. 


Cork, J.M. Some recent applications of nuclear 
physics. Radiology, Oct., 1943, 4/, 337-343. 


It has been found that by suitable treatment 
practically every known element can be ren- 
dered radioactive. At present over 340 radioac- 
tive isotopes have been produced and identified. 
These radioactive elements may emit electrons, 
positrons and gamma rays and have half-lives 
that vary from a fraction of a second up to 
many years. .An equation can be written for 
each reaction but only the total energy, not the 
number of atoms, on the right and left sides of 
the equation is equal. 

It is evident that by using radioactive or 
tagged detectable elements the behavior of 
matter may be followed in any field of science. 
Some of the practical applications of this fact 
in astronomy, botany, chemistry, engineering, 
metallurgy, mineralogy, pharmacology, zool- 
ogy and medicine are described. In medicine the 
radioactive elements may be used as tracers to 
study physiological processes. Also neutron 
radiation may be used in the treatment of ma- 
lignant growths just as roentgen rays are used, 
and radioactive elements may be selectively 
absorbed to treat specific organs. For instance, 
radioactive strontium may be used in the treat- 
ment of bone tumors, radioactive iodine for 
thyroid disorders and radiophosphorus for leu- 
kemia and polycythemia. Neutron radiation 
has been found to be many times more powerful 
than roentgen radiation. If it is also found to 
have a greater differential effect on diseased and 
normal tissue it will be of enormous importance. 

The addition of a single neutron of low energy 
to the nucleus of the uranium atom may cause 
It to split into two parts, releasing an energy of 
about 186 million electron volts. In the process 
more neutrons are formed so that if the process 
were controlled it might go on spontaneously. 

1 his is one of the most challenging facts in tlie 
scieiitific world today and its importance can- 
not be overestimated.— G. Mo}gaj} 


x.auore, and LODGES, Fred Jenxer. 
Differential tissue response to neutron and 
roentgen radiations. Radiology, Oct., 104'; 
344-350. 

As soon as it was discovered that the quali- 
tative effect of neutron and roentgen radiation 
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was the same, effort was directed toward finding had no direct training. Not only must they 
whether there was any difference in their selec- derstand mass fluorography but they mus 
tive action on different tissues with a view to acquainted with the lesser details of the profes- 
determining whether neutron radiation could be sion, such as processing, care and conservation 
used effectively in the treatment of cancer. In of apparatus and material, general technique, 

I qsy experiments made by Ferroux and Regaud the use of small units and related matters, 
showed that permanent sterilization of the rab- Audrey G. Morgan. 

bit’s testes could not be brought about by a sm- jy^^ERS, R. K. Federal regulations affecting al- 
gle dose of roentgen rays without severely jocation of x-ray equipment and supplies, 
damaging the skin of the scrotum. These expen- Radiology, Sept., 1943, 4/, 288-290. 

ver?fed'''FracSnatmg°o'f the dree, howeve^ The author, who is cliief of the X-Ray Seciioa 

does produce a *freS° 0?^ TardTrre'Ld «" 

Sogicai o( last neutron irradiatbn 

were tested under the same refused. The best that can be done is m 

ditions and it was found ‘ . provide for minimum necessary requirements in 

stricted range of dosage there is su civilian work. He urges civilian radiologists to 

tive activity on the part of the the tremendous demand for films 

bring about aspermatogenesis without seriou y • ^ industrial roent- 

damaging the skin. Tables -e given showing f- '"“hit,, ,,as become a necessary and 

the effects of roentgen and ^ ‘ • helpful factor in providing planes that tan if 

in these experiments. Though the di e necessary “fly on one wing,” ships that hang 

selective tissue action between the two km toeether^armament that protects and ammuni- 

radiation may be slight it tends to show that lodes. Bearing these things in mind 

neutron radiation may become more 1^ civilian radiologist should he as care ii as 

roentgen radiation in the treatment of malig- the^cmi_^ 

nunt tumors.-r^.of«y G. Morgm. Lductioi. Board ^lere tojic P m « e )^ 1 ,_ 

„ Tharles F. Some considerations of ^ible way and urges the coopei .m 

"^rSe radiology in the Navy. R,Mogy, ogistB.-MO' • 

Sept...«...gS.-aS,. 


, he necessity of training 

The author stresses the necessity 

in radiology for Nay . 

tors in the Navy _ ‘ suecialty. Almost all . v . nnhic method of determining 'c 

chances at training in A pho og ‘ 1 ^vhich roentgcn-ra\ 

ships are now provided j„,.,,.^g:ed by careless amount o ‘, - ‘ Agd is described. The workers 

msmsms 

£ war. Officers inter 
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five year period unde . given m • 

tions P''Y"^rt was found that '’.'nd-.p ^ 
graph and table. I j tolerance dn.'< 

o.ar per working da>. 
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Quimbv, Edith H., and Pool, John. Protection 
in radiology. Radiology, Sept., 1943, 41, 272. 

This article is made up of photographic re- 
productions of the charts from an exhibit pre- 
pared by request for a “Graduate Fortnight” 
meeting at the New York Academy of Medicine. 
With some revisions and additions it was pre- 
sented in the Scientific Exhibit of the American 
Medical Association at St. Louis in 1939. 

There are charts showing the need for protec- 
tion in radiology, the local and general effects of 
roentgen and radium irradiation, the effects 
following long-continued exposure without pro- 
tection, methods of protecting the doctor, the 
technician and the neighbors, the effect of dis- 
tance from the roentgen tube and radium source 
on the thickness of lead required for protection, 
the lead equivalence of building materials, 
tolerance doses, tests for protection and the 
recommendations of the Internationa! Com- 
mission regarding the welfare of full-time roent- 
gen-ray and radium workers . — Audrey G. 
Morgan. 

Meredith, W. J., and Stephexson, S. K. 

Some physical measurements with a 500 kV 

continuously evacuated x-ray tube. Bril. J. 
Radiol., Aug., 1943, /6, 239-241. 

Measurements are reported which were made 
on a Metropolitan Vickers’ Continuously Evac- 
uated x-ray tube operating at 500 kv. constant 
potential. Absorption coefficients for aluminum, 
copper, tin, lead and mild steel (as used in the 
tube body) were obtained for 500 kv. radiations 
with only the fixed filtration of the tube. Effec- 
tive wave length values obtained from these 
measurements are in good mutual agreement. 
Since it was desirable from the clinical point of 
view to use the shortest wave length consistent 
with a reasonable output rate a filter of 3 mm. 
tin, 0.5 mm. copper and i mm. aluminum was 
used in addition to the fixed filtration. A 
stepped aluminum filter was used to equalize 
the intensity at points from 0° vertically down- 
ward to 110°. Measurements taken after this 
filter was fitted show how successful its use was. 

A table is given showing percentage depth 
doses for different depths and various field 
sizes. These were obtained from measurements 
in a pressdwood phantom at 50 cm. focus-skin 
distance using 500 kv. with the tin filter, with a 
half-value layer equal to 6.32 mm. copper. The 
values found are lower than those of Mayneord 
and Lamerton. A part of this decrease is due to 


the fact that closed applicators were used. Also 
the absorption coefficient for pressdwood is 
greater than that for water, which must be con- 
sidered the standard material for depth dose 
measurements. These two points are being in- 
vestigated and the depth dose values given in 
the table should not be considered final. — 
Audrey G. Morgan. 

WiLsox, C. W. Some data concerning the use of 
x-ray beams in direct (cross-firing) opposi- 
tion. Bj'it. y. Radiol., Aug., 1943, 16, 247-249. 

In deep roentgen therapy, for instance irra- 
diation of the axilla or pelvis, a favorite tech- 
nique is to use two identical beams cross-firing 
through opposite fields. This is one of the sim- 
plest methods of getting a large dose at the cen- 
ter point between the two fields, where the 
pathological focus is located, as compared with 
the skin dose. The dosage conditions provided 
by such a technique depend on various physical 
factors, such as the quality of the radiation, 
focus-skin distance, size of fields and distance 
between the opposite fields. \ good method of 
determining the efficiency of an opposing field 
technique is to determine the ratio between the 
dose midway between the two fields and the dose 
at either surface. This gives a measure of the 
effective depth dose provided by the technique. 
Curves are given showing the effect on such ef- 
fective depth doses of field area, focus-skin dis- 
tance and quality of radiation . — Audrey G. 
Morgan. 


Bush, F. The estimation of energy absorption 
during teleradium treatment. Bril. J, Ra- 
diol., April, 1943, /6, 109-112. 


The value of the integral dose or energy ab- 
sorption expressed in gramme-roentgens in a 
beam of radiation between two specified limits 
of dosage can be calculated with sufficient ac- 
curacy fiom the isodose diagram by determin- 
ing the volumes between successive isodose sur- 
faces. The sum of the products of each of these 
with its respective mean dosage rate gives the 
enerp absorption. Some of the isodose surfaces 
will be cut by the body surface and to measure 
the integral dose the size of the parts of the in- 
terdose volumes that lie inside the body must be 
determined. 


^ a metnod ot determim 

of the isodose volumes lying inside 
the body and measuring the energy absorption 
in any given case. It is illustrated by a diagram 
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of the pantograph and planimeter used in the 
measurements and by tables showing the results 
m 26 cases of teleradium treatment of cancer of 
the mouth, pharynx, larynx and glands of the 
neck The accompanying changes in the 
lymphocyte counts are also given as a means of 
correlating energy absorption and physiological 
effect , — Audrey G. Morgan. , 

Ungar, E. M. a simplified method of studying 

volume dose* distribution, Brit. J. Radiol, 

Sept,, 1943, 16, 274-278, 

In order to cause complete disappearance of 
a malignant tumor an adequate dose must be 
given to every part of the tumor. Sometimes re- 
currence of a tumor takes place because the 
dose has fallen off from the center toward the 
periphery of the growth and the periphery has 
been inadequately irradiated. In order to get 
a uniform and adequate dose to all parts of the 
tumor the lesion must be located and recon- 
structed and its volume and extent determined 
before proceeding to the problems of beam con- 
struction, volume dose distribution and beam 
direction, A detailed description is given, il- 
lustrated with diagrams and charts for giving 
axially symmetrical dose distribution to circular 
fields. The method can, however, be applied 
also to square or rectangular fields. The method 
makes use of tinted charts in which decrease of 
dose is represented by a fading density of the 
color. An accurate and complete diagram of 
dose distribution can be produced by adding the 
values of dose contours at points of intersection 
and then joining points which have the same 
dose. The method of making these tinted iso- 
dose charts is described, and the construction of 
isodose volume distribution described. At the 
Royal Cancer Hospital the use of the tinted 
isodose charts and charted beam_ sections for 
constructing volume dose distribution has made 
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.t possible as a matter of daily routine to fit a 
planned dose distribution to the shape and voi 
ume of a given tumor. A studv of the chart, and 
digrams would be necessary for an application 
of the method.—Audrey G. Morgan. 

Bush, F. The calculation of dosage rates from 

directional caliper measureinents. Bril. J. 

Radiol, July, 1943, 16, 205-207, 

Two directional calipers are in use for dosace 
rate measurements, model i designed by Green 
for use in roentgen therapy and model 2 for tise 
with a teleradimn unit. The author here de- 
scribes an alternative nomographic method of 
measurement which can be applied to both 
models i and 2 and which requires no special 
apparatus. The geometrical theory on which the 
method is, based and the construction of the 
nomogram are described and illustrated and the 
equations by which the calculations are made 
are given . — Audrey G. Morgan. 

Cook, H. F. An investigation of the absorption 

of gamma rays in surface therapy applicators. 

Brit. J. Radiol, .April, 1943, /6, 115-118. 

■ In measuring dosage in radium therapy it has 
been customary to ignore absorption and scat- 
tering in applicator and patient. But it was 
found that the dosage given by applicators was 
lower than that calculated by the rules of Pater- 
son and Parker and this was assumed to be due 
to absorption in the applicator. Experimental 
evidence of applicator absorption is given and 
methods shown for calculating this absorption 
and also tissue backscatter for applicators made 
of Columbia paste and .Stent wax. Riblcs are 
given showing the details of the re-siiit.s. J ic 
mean apparent transmission of each of the tyfii- 
cal applicators used indicated that applicator 
absorption was of the order of 10 per cent,- 
Audrey G. Morgan. 
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ELECTROKYMOGRAPH FOR RECORDING HEART 
MOTION UTILIZING THE ROENTGENOSCOPE* 

By GEORGE C. HENNY, M.S., M.D., W BERT R. BOONE, M.D.f 

PHI LA D E L PHI A , PEN'NS VL VA SIA 

T he recent application® of the 931-A second by means of the Ruggles roentgen 
multiplier phototube in the Morgan- cinematograph. By superimposing these 
Hodges phototimer has stimulated con- roentgenograms in chronological order and 
sideration of its use in the graphic recording measuring the change in position of points 
of heart motion. Study of the electrical on the heart border, they obtained curves 
characteristics of the tube has indicated its representing the progress of heart motion, 
suitability for this particular application The curves so obtained are of practically 
and led to the construction of the appara- the same shape and possibly more ac- 
tus, termed the electrokymograph, to be curate than those recorded subsequently 
described in this paper. by the roentgen kymograph. Chamberlain 

The heart in its functioning as a circula- suggested to us the possible value of ob- 
tory pump undergoes a continuously re- taining such records of heart border motion 
peated pulsatory motion. That each cham- and stimulated us to investigate the prob- 
ber of the heart and associated great vessels lem. The roentgen kymograph shows on a 
has its characteristic motion, and that this single film a graphic record of the move- 
motion is characteristically altered in the ments of the border of an organ in one 
presence of cardiovascular disease, has been plane. The original idea of the kymograph 
well established.^’-^^’’^^ The permanent graph- is credited to Sabat,® who did his work in 
ic recording of this motion is a goal long 1911. Crane- in 1916 was the orio-inal 
desired and sought for, as the volume of American pioneer. StumpP devised^ the 
literature indicates, but its attainment has multiple slit kymograph in common use to- 
been found to be difficult. day. Hirsch,“«6 Scott and Moore 

The visualization of the motions of the Johnson,’ and Gillies and Kerr'* haA^e en 
heart that became possible with the aid of deavored in recent years to popularize the 
roentgenoscopy suggested the possibility of method in this country.- 
applying the roentgen ray to some means While much good work has been accom 
of graphic recording of this motion. In 1 926 plished by this method, roentgen kviuoiYrn' 
Chamberlain and Dock* were able to make phy has not become established as a man' 

IS roentgenograms of the heart in one datory procedure in the examination of the 

* From the Department of Radiology, Temple University Hospital, Philadelphia, 
t Surgeon, U. S. Public Health Service. 


217 




George C. Hc-nny and Burt !{. Boonr 

heart. J he explanation for thi<; mi,. ■ “ ’ 

Si^bly be found in a prevalent attitude tfoj foe?'''* 'I'''’"'"’"'''' - ' 

this IS an interesting procedure tint ?, . ■ " 

be done but does not necessarily «r'?„ be ' v 

done. That is to say, it is believed In- 1, . iet-.'i<!;v.,,v ' 

many that the information thus obtained ‘""i rccor.iij hy .nirfoK;.,,. 

only corroborates information obtained hv mm ■tn K.nir,iiii,r, ci,.,rii,.r v • 

other more established me hod??? „ ’ !'■ " fm'-'seer,.: 

oot as yet provide signified tiv'?„ i? tr-.; 

formation. It seems that this is larselv due 1 ‘'^mmlicn and snal.h idyi, . .dr: 

to the analytic difficulties inheren't lii rl, i johuiim in' ifo i-.,!,. 

unsharpness, thesmalh,?:,’? dic l?virv p;;". ??? "’'"i V; < 

of the recorded waves to be examined on multiplier phoi'ntube' Tlik'-X!':"’''" .’r 
!vifo?Te?" together pcriiap.s Morgan' in his exposure' n.V»-? fo.' , 

?alsis Bouograpliyandtluipriiiciph/hc.oy^ce^^^ 

Given a record that suitably improves or multiplier photntnhu which ’we iv, 
corrects tlije particu ar limiting factors, tainsapliottncnsitivcc.aihixlenirf.ut ii-dih 
itis believed there Will be a substantial gain high sensitivity t*.» Wsie-rii h litJui vs-i;:!; 
in the clinical information obtainable by emits electrons when ilhifnirKUeo'. ‘Il.- r 
the analysis of heart motion. Ihe records photoelectrons arc directed in' an sh rfm- 
obtained by means of the present electro- static field to a second surface tailed a d.-- 

1 » "t » jr^ m ^ ^ ^ ^ ^ _ *_t- J* rt* t.* • 


may be desired. 

METHOD AND APPARATUS 

The electrokymograph utilizes the roent- 
gen-ray beam of the roeritgcno.scope. It*; 
action mav be outlined as follows (lug. i). 

T ^ 1 1 ' . A. . rit. . T. . . _ 


process h repeated nine time-, after ul. ■«-; 
the urcatlv- inrrc.iscd -‘trean; <e'' r’.-'-. rt. - 
is coilec'cd by the .atUfJe ;i;u! t;.'r 
tutes the amplified uirrm? ;n the 
circuit, I hv srruertire »'.* the oJ!--'V t'd - 
very e«'>mpacfs b-e-ny heo-'r I m ;; yh';-'. u--:-.- 


is restricted to a narrow rccrangtifar area the; tui.*r a!*'nc i 

with its long dimension placed so .n,s tf; be at 'iperapor), :sF;it utr !'■■■( ■• ^ 

rittht angles to the parriciiiar portion or me cco.o'-o by xm' .mv v-o- yn- 

l./.r- l..,- flsen the tC-O. 


it in the ccintr.actilc stauc. I he ro-'crayc tn 
tensifv of the rocntucn ra}:- at ?i;c tumre-^ 
^erern. over the «hoir rrrtanmdn 


at screen, over tPe 'as 
area, tbu*; varies In mxryr.bfwc mr 

motif. n of rhat ^lorrion of -hr heart iioMer 
which b bdnu ^emmed bv tiic afh'rmrc. U 
the ro'cnfueft-rav mfcn-e're- m rc p-;,t t.-- a 


- ! 3 

v-:rn tor s 


tier nuore Vrer i 

»,*. ;1| dhifi'-'.r .J*.'' f 



Fig 1 Roentgenoscopic posteroanterior view of patient’s chest. The diaphragm only (actual size) is illus- 
trated on two points of the patient’s cardiac silhouette. Note that the long axis of the diaphragm is placed 
in the direction of motion of the point of the heart border being investigated. As the heart goes into its 
contraction (dotted border) the shadow appears to move across the diaphragm. After the diaphragm 
system is properly aligned, the roentgen-ray beam is coned down by means of the roentgenoscope shutters 
to a small area as indicated by the dotted rectangle. 


heart border moves inward (due to a con- 
tractile movement of the heart) more of 
this strip of fluorescent screen is further ir- 
radiated by the roentgen-ray beam. Thus 
the total light which is emitted is increased 
and the photosensitive surface within the 
931-A tube responds by emitting a cor- 
respondinglv increased number of electrons. 
Since the 931 -A tube is operated in a range 
which is essentially free of distortion, the 
changes in output current are proportional 
to changes in position of the heart border 
over the narrow rectangular aperture de- 
fining the roentgen-ray beam. In practice 
the roentgen-ray beam is defined by a lead 
diaphragm system (Ds, Fig. 2) mounted 


directly in front of the 931-A pick-up de- 
vice (and thus on the roentgenoscopist’s 
side of the patient) and not by the roent- 
genoscope shutter system (Fig. 3). This 
has the advantage that it better enables 
the operator to orient himself on the exact 
portion of the heart silhouette which he 
wishes to investigate and also he can rotate 
the slot so that it is at right angles to the 
heart border motion, as indicated by the 
two positions of the diaphragm in Figure i. 

The dynodes of the 931-A tube are op- 
erated so that there is approximately a 100 
volt drop from one to tlie next. This re- 
quires a direct current potential source of 
adjustable voltage output which is sta- 



220 


George C. Henry and Bert R. Boon,:. 



Lie. 1. Arrangement of the 931-A tube in its housing. The illuminated cathode, IC, of the tube faces the 
fluorescent screen, S, Black paper (not shown) is wrapped around the screen and tube before the copper 
hood, is placed over it so as to exclude all external light. The lead diaphragm system, D2, with aperture 
5 by 20 mm. restricts the roentgen-ray beam striking S. The 931-A tube is fairly transparent to roentgen 
rays so that part of the beam passes out of the window, E, and falls on the fluorescent screen. This facili- 
tates proper aligning of the diaphragm. A bakelite facing, C, prevents metal from touching the patient’s 
skin. 



F.a.3.Ro=n..e„oscop=,pn.ient,nd„.-Api»^^ 

to the roentgenoscope board, B, is sho vn. throuch the diaphragm, A, to 


which then operates the recording j 
means of the fluorescent screen, ■ 
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bilized against incoming power line voltage 
changesrSuch a power supply is shown in 
the right upper part of Figure 4. The fil- 
tered current from this power supply passes 
through a well insulated and shielded con- 
ductor to the voltage divider built right on 
the socket of the 931-A tube (Ti). By solder- 
ing to the prongs of the tube socket ten 
o.i megohm resistors, connected as shown, 
the high voltage is evenly distributed suc- 
cessively from dynode to d)mode. A sep- 


piece of fluorescent screen about i.o by 
g.5 cm. is placed against the glass envelope 
of the tube with the active side of the screen 
facing directly into the photosensitive sur- 
face of the 931-A tube. Black paper wound 
over this and around the tube not only 
holds the screen in place (which may be 
aided by strips of cellophane tape) but 
also keeps any external room light from 
reaching the photosensitive surface. The 
93i-x'\ tube unit consisting of the lead-dia- 



Fig. 4. Schematic diagram of the electrokymograph. S, fluorescent screen, sensitive surface facing IC; 
IC, illuminated cathode, photosensitive surface of 931-A; Ti, RCA 931-A multiplier phototube; P, col- 
lector plate or anode of Ti; o.i megohm -J- watt resistor network soldered to socket of T,; i?n, 

I megohm potentiometer; P12, 0.1 megohm i watt; Riz, 1 megohm h watt; Ru, i megohm volume control; 

O.I megohm a watts; Ri®, x megohm I watt; R\-, and Ris, 0.3 megohm a watts; R19, 6,000 ohms a 
watts; R;o, S,ooo ohms 1 watts; R21, 2,000 ohm potentiometer; To, 2X2 879 rectifier; Ts, 6F5; Ti, 6SN7; 
Cl and C2, 1 mfd. 1,500 V condensers; C3, 0.03 mfd. paper; Cj, i mfd. paper; C5, 0.25 mfd. paper; Ce, 1 mfd. 
paper; TR, no to 2,400 volt power transformer; and Ss, secondaries of filament transformer; G, 

ground or chassis connection; RG, connection to recording galvanometer. Voltage stabilizer, Sola constant 
voltage transformer 1 20 VA. 


arate shielded conductor from the anode 
(P) of the 93i-x;V tube carries the output 
current to the amplifier. The cable connec- 
tions, voltage dividing resistors and tube 
socket are housed in a piece, of bakelite 
tubing. After the 931-xA. tube is placed in 
its socket a hood (i 7 . Fig. 2) made from 
copper tubing slips over the tube. On this 
hood is supported the lead-diaphragm sys- 
tem (Do) which is properly aligned with 
the photosensitive surface of the tube. A 


phragm system, fluorescent screen, light 
shield, 931-A tube and socket, voltage di- 
viding resistors and cable connections is 
mounted on a support which is fastened 
by a set screw directly to the main fluores- 
cent screen. It is mounted on the tube and 
patient side of this screen and in the middle 
of the screen so that when the lead dia- 
phragm is properly aligned over the pa- 
tient’s heart border the shutters of the 
roentgenoscope can be closed down allow- 
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belli to penetrTtf\hTpLfen 7 JZttS 

the roentgen rays by the parient’s t "if , if"' ‘■'"‘i record 

A small slot 0.8 by it cm is cut tbrolh Tii 1 t P^*d of time, 

the back of the copper housing of the on A val ° amplifier used in the D’Arson- 
tube. This allows the roen tfe„' ray lam ^‘^T<^^^diosrapl, 

after passing through the patient’s heart' between tubesTlifbf ,rdTielmt b! 
border, the diaphragm system the fluores- taken that the time constant 
cent screen and the 931-A tube, to pass great enough for the heart motion beina 
thiough to the screen. The roentgenoscopist recorded, or distortion of the curve will 
can thus sometimes (when the contrast is result. The amplifier we have designed and 
high) see the heart border motion through used (Fig. 4) employs two stages, the sec- 
the diaphragm system on the fluorescent ond tube being a twin triode arranged to 
screen and thus gready facilitate the proper form a bridge circuit.^" This has the ad- 
positioning of the pick-up device over the vantages of stability and the balancing out 
patients heart. A piece of bakelite (C) of the direct current component of the plate 
placed over the first lead diaphragm pre- circuit which might otherwise pass through 
vents metal from touching the patient as ' ’ 

the unit is placed on the chest. 

If the patient holds his breath for the 
short length of time during which the mo- 
tion of the heart is being studied (for exam- 
ple, about 10 complete cycles), then com- 
plications from respiratory motion are 
eliminated. The output current from the 
931-A tube is recorded by a resistance- 
coupled amplifier (one with a high time 
constant) in conjunction with a D'Arsonval 

galvanometer. "*& . . 

This system produces clear-cut records, increased until maximum amplification is 
The current output of the 931-A tube when obtained without objectionable tube noise. 
used with a conventional roentgenoscope The rheostat f?ii may then be left in tns 
and a rather heavy patient is not quite position, without further adjustment. In 
sufficient to operate directly the string practice the lead diaphragm of Tj is prop- 
ter of an electrocahiograph. A erly aligned on the patient’s heart border 

comment Since this work has not jet indicated by tlie recording 

galvanometer connected to RG. Care was 
taken in designing the amplifier to balance 

/• f - If) 


the galvanometer. Once the balance has 
been obtained by adjusting Rsi (Fig. 4), 
no further adjustment is required for a long 
period of time. 

The DC power supply shown in the 
upper right hand part of Figure 4 provides 
a stabilized voltage for the 931-A tube. The 
potential at is 1,400 volts. This is 
made adjustable by the rheostat Ru so 
that the voltage applied to voltage divider 
Ri-Rio may be varied. By gradually rais- 
ing this voltage the amplification of 'J\ is 

. T . -1 _! 


enHUic 1 — 

equipment. Since this .. ,.r ' j 

been completed, only the amplifier and 
D'Arsonval galvanometer apparatus will 

be described. 1 • i lo Hip values of the resistors and condensers in 

A direct current amplifier which is st, networks so that high fidelity was ob- 

in operation (without drift) over a long with a ftir degree of .unpli- 

dL^o;dinT.oc‘o„™.tiona, radio leth. 
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nique and utilizes a 300-0-300 volt power 
transformer with full wave rectification (80 
tube) and a three-section condenser input 
filter. Three 16 mfd. electrolytic condensers 
and two 10 henry chokes are used with a 
40,000 ohm bleeder resistor. The negative 
side is grounded. 

The roentgen tube of a roentgenoscope is 
energized with a high voltage current that 
is pulsating. In full wave-rectification there 
will be 120 pulses of current per second to 
the tube and this results in 120 roentgen- 
rav pulses per second. These roentgen-ray 
pulses are faithfully reproduced by the 
931-A tube and, unless suppressed, cause a 
very disturbing broadening and fuzziness of 
the recording curve which obliterates much 
of the fine detail otherwise present. For 
this reason low pass electrical filtration is 
incorporated in the amplifier (C3, R13 and 
C5, Ri5y Fig. 4), with values of condensers 
and resistors chosen so that the low fre- 
quency components of the heart movement 
wave are passed with no appreciable dis- 
tortion while the 120 cycle ripple is highly 
suppressed. This system Is simple, and 
numerous tests on the fidelity of recording 
have shown that for practical purposes 
nothing is lost from the heart motion 
curve. Incidentally, an effort was made to 
smooth out the roentgen-ray ripple by 
connecting condensers in the high tension 
circuit of the roentgen tube. Using a con- 
denser with an effective capacity of 0.25 
mfd. across the high potential and 3 ma. 
through the roentgen tube (giving a time 
constant of many seconds), it could be 
shown that the voltage ripple was only a 
fraction of i per cent. Our tracings indi- 
cated that the roentgen-ray ripple was con- 
siderably more than this. This was traced 
to the alternating current which heated the 
filament of the roentgen tube. Since the 
filament cools momentarily between the 
current impulses, its electron emission 
simultaneously decreases with a consequent 
diminution in the roentgen-ray emission. 
This results in considerable roentgen-ray 
ripple even though the tube is supplied with 
a perfect constant potential. The ripple was 


readily picked up with our apparatus and 
its source was demonstrated when we could 
almost completely eliminate it by heating 
the filament with direct current from a bat- 
tery. A single condenser discharge through 
the roentgen tube then gave a tracing en- 
tirely free of ripple. The routine use of a 
battery in the high tension line to heat the 
filament of the tube of the roentgenoscope 
is not practical, for the battery requires 
periodic charging and care, and the voltage 
tends to drop as it is used between charg- 
ings. The high voltage condenser Is not an 
insurmountable obstacle but it requires 
space and is fairly expensive. Furthermore, 
unless very high capacities are used, some 
objectionable ripple will remain as we found 
with the 0.25 mfd. condenser. We therefore 
aimed at taking out the effect of the ripple 
in the amplifier, as mentioned above. For- 
tunately, this can be done without produc- 
ing appreciable distortion in the recorded 
heart motion curve. 

The recording galvanometer is of the per- 
manent magnet D’Arsonval type such as is 
used in an electrocardiograph. The sensitiv- 
ity is about 10 cm. per milli ampere with a 
distance of 40 cm. from the galvanometer 
mirror to the film. The lighting system con- 
sists of a 15 CP 6 volt lamp in a housing 
with the usual lens-slit system to throw a 
narrow vertical beam of light from the gal- 
vanometer mirror on the opening of the re- 
cording camera. Above the opening of the 
camera is a white scale onto which part of 
the beam of light from the galvanometer 
falls, allowing direct observation of the 
beam from above, before and during re- 
cording. The bromide paper (6 cm. wide) 
in the camera is moved in the usual way 
with an electric motor. A speed of 50 mm. 
per second has been found to be about 
optimal for recording these waves which 
are spread out enough in respect to the hori- 
zontal timing axis to show excellent detail. 
As a time marker we are using an additional 
galvanometer similar to the one mentioned 
above, and employing the same light 
source. The timing galvanometer is actu- 
ated by impulses every one-tenth second 
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static field will trigger the tube at exact in- 
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second impulses to the accuracy of regula- 
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have found that it is not necessatv to record 
the various points of the hei'rt 

S degree of accuracy, to line thp 
curves up m respect to the time ax Thi 
accomplished by recording simuj tart 

ously along with each heart motion curve 
a pulse tracing from the right carotid a-- 
terj I he pulse tracing is quite characteri-- 
tic lor each individual and remains essen- 



Fig. 5 * Schematic diagram of relaxation oscillator which provides o.i second impulses to an additional re- 
cording galvanometer, thus producing a time marker on the tracing. J?,, 5 megohm i watt; Ri, 500,000 
ohm rheostat for initial adjustment; i?3, too ohms; C, o.i mfd. paper condenser; NT, neon tube, 1 10 V, 2 
watt semicircular electrodes; GA, connection to recording galvanometer; G, ground or chassis connection; 
W, wire connected to 6.3 V filament winding {S-i, Fig. 4) and placed against the neon tube. 


tion of the 60 cycle power lines. The abso- 
lute constancy of this triggering arrange- 
ment was demonstrated on a cathode-ray 
oscilloscope. The 210 volt DC supply is 
tapped oiF of the bleeder resistor of the 
amplifier power supply. The timing im- 
pulses, as shown on the bottom lines of 
Figure 6, are valuable for timing to o.oi 
second the events of the heart motion 
curve. 

Two curves of the motions of two points 
along the heart border have not been re- 
corded simultaneously. This would necessi- 
tate doubling the apparatus, but rnore 
serious still would be the difficulty of align- 
ing the 93 i-A pick-up devices on the two 
points. Inspirator)^ changes or slight mov^ 
ment of the patient could get one or both 
of the tubes out of line. Furthermore, we 


tially constant in shape for the short period 
of time required to make the heart border 
tracings. There are well defined dips or 
peaks on the pulse tracing which may be 
marked. Then by placing on a vertical line 
the same point of the carotid pulse tracing 
of each heart border motion curve, the 
time axes will be very accurately aligned 
and the relative motion of each point of 
the heart border can be coordinated i)y 
considering points on a vertical line. Time- 
delay of equivalent movement for each 
point or paradoxical motion can be demon- 
strated, The carotid pulse is recorded by 
means of a very simple device. A small 
bakelite cup 3 cm, in diameter is held in 
place over the right carotid artery by 
means of a licht wooden clamp. 1 he clamp 
fits the neck and slides with a gnppmg ac- 
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tioii so that as the cup is placed on the 
carotid artery and the movable part of the 
clamp is pushed against the other side of 


22 $ 

the neck it stays in place when the hands 
are removed. The pulsations in the neck are 
easily palpated so the cup can be put in the 



Fig 


y.6. This figure shows sample records of heart border motion. In each of the above rernrHo i 

IS from the right carotid artery. Line i passes through the incisura of each pulse record thJ u 

events of each record on a common time relationship for that particular rvr?P R j ereby placing the 

the left ventricle. S from the pulmonary artery, C from the aoSob td ^ 

In record line i denotes the end of systole and onset of diastole- line -2 the right auricle, 

of the mitral valve; line 3 the opening of the aortic valve and beginning eiectinn- closure 

systole. The timing line at the base of each record indicates o.io second interval ’ 
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It does contract of tk: etn'r 


proper place in a few seconds and if rv 

diaphragm segmenr ca^' fni m.W — '---l-n.inr ’ 

mounted in front of the camera. LHu 
from the same source used for the ijal- 
vanometer is reflected from this cvjindri- 
caliy concave mirror to form a narrow f)and 
at the camera and is thus recorded as a 
well defined wave. 

This pulse recording system is not com- 
pletely air tight as would be nccessarv were 
quantitative volumetric curves desired, hut 
rather has a slight intentional air leak 
which does not appreciably alter the con- 
figuration of the curve, this allows the 
light beam to return to its base line in ap- 
proximately ten seconds if tlie rest of the 
system should be completely air tight after 

being adjusted on the patient. In our case , ....... 

the air leak occurs in the segment capsule kymographir tncTh».i ov::u' 
and is adjusted by increasing or decreasing With the r<ie;u;.rcn l;> iUf.yrapb 
the turns of the rubber band holding the 
rubber diaphragm in position, 'rhis ar- 
rangement is similar to that used liy Wig- 
gers and Dean.^- 

^M'PI.IC.VTIO.V 

The apparatus tiiat has been described 
was designed and constructed specifically 
for graphic recording of heart hosier mo- 
tion. Other applications uiil douhrlcss sug- 
ecst themselves to investigato.’-s interc^tesi 
in the motion of organs within the bo.jy. 

The principal requirements for rec-ordinr 
bv sucii apparatus arc f i ) tna* the 


asc to rccordi r.ipiv! ehanc;--. i 
of an (>rgan due Ui an L-.f.-r.i i,* 
blood: for example, the parc-nimr 
rion of the lung. 

fhe^ heart is an organ Imv'm.y 
that fulfills tliesc rc'|u!rc’’',r‘!’.'^ 
larly well, furthcnnorc, the :h.-. 
u.sually he ixisitkinc.i 
iio that the Ixrrdcrs of h chamh 
heart can he silhoucfrvi and li. n;., 
tions recorded. .-\l‘;o, the hnrjrr- 
afirta and pulmonary artery e.r; < 
he silhoiiertcd and their meei’/ra* r, 
.A considi-rabh; ninoimf of r<-/a 
been done ftn fu/art njotio-;-. In r 
the roentgen kymograph, it *•, d 
to conqx'irc that nicrho.l vdrli d-r 


})crf)f['oints of motor*; (>;; Ic-.S.-f 

arc rccf-rdcd simulranf 'U-.lv on <*• 
12) onlv one, r.-irc':- ru *< * 


' I ? :> 


rcconieJ on each phfif: ; 
<,tf motion on rise re\('r<i 
4 in run;.: - .ri tm-'harp;' 
frequently impair^ swoc 


ti';-: 


onlv the h*i'r.’;"‘n?.'ti •. 
‘ I In c'mq-at 


i on the fluorc^tvnt sc.'cen: 
that the ampliru-de of n'u>t:‘on In: fm' than 
ithe feneth of the plmt.' wn'trn c 
I- A rtilHo; fl* t'cat fhe 
density of the orivu: im of •mn Jrnt c-n- 
trast to adj.'R'cni tv‘-.uv-. or c.an in: 

jrnre'^ti'Ui ofop-tniw n:.*'':' 


be vipualircd on the 


25 mm. 
surface of the 9;; 


rccorCiCt; 

tmaph 
at t u'w; 2 ! 
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phototube and its resistance network is 
guided by the roentgenoscopist to a position 
over the heart border. The diapliragm on 
the phototube is placed directly against the 
chest wall and is aligned so that the center 
of the aperture is on the point of the cardiac 
silhouette being studied. The long axis of 
the diaphragm coincides with the radial 
motion of the heart border. Thus if the 
point is moving horizontally, the lengtli- 
wise axis of the aperture will be horizontal; 
if the direction of movement is 20° above 
horizontal, the lengthwise axis of the aper- 
ture will be inclined 20° to coincide. Thus 
the “radial motion” of the point is ob- 
tained (Fig. i). The aperture is then ad- 
justed along this radial line until the two 
extremes of motion (systole and diastole) 
are within the confines of the aperture. The 
amplifier gain is now adjusted to a point 
where the excursion of the photographic 
beam is about 15 to 20 mm. Too great an 
amplifier gain may roughen the recording 
beam unnecessarily. The patient stops 
breathing on request and the camera is 
started, and usually ten heart beats 
counted; the camera is then stopped and 
the patient requested to resume normal 
breathing. The patient may be in recum- 
bent or upright position as the conditions of 
examination require. 

To facilitate anah'zing the records a re- 
cording of the right carotid pulse is made 
simultaneously on each patient and regis- 
ters on the film below the heart motion 
tracing. Thus as the motion of a series of 
dift'erent points is recorded, the carotid 
pulse tracing provides reference points for 
correlation purposes. 

INTERPRETATION OF RECORDS 

Before any interpretation of the records 
obtained may be considered, explanation 
of the movements of the light beam on the 
recording film is necessary. As the light 
beam moves to and fro in accordance with 
the movements of the heart border, wave 
forms are produced on the film. The waves 
are seen to have asymmetrical upward and 
downward limbs (Fig. 6). The upward 


moving limbs represent expansile or filling 
phenomena, while the dowmward moving 
limbs represent contractile or emptying 
phenomena. The steeper the slope of a 
wave limb, the more rapid the action or 
movement, and the less steep the slope, the 
slower the action. Changes of slope upon a 
limb represent changes in speed of action, 
and notches or serrations represent smaller 
superimposed changes of action. When the 
tracing runs parallel to the moving axis of 
the film, the state of no motion is indicated. 
The timing spots at the bottom are 0.10 
sec., and film speed is approximately 50 
mm/sec. The time axis is from left to 
right. 

Figure 6 illustrates the records of motion 
obtained from various points on the heart 
border by means of this apparatus. The 
motions represented are those of the left 
ventricular border, the pulmonary artery, 
the aortic knob, and the right auricular 
border. The posteroanterior position was 
used with patient in upright position. The 
downw'ard peak of the incisura w^ave of the 
carotid pulse has been utilized as a com- 
mon time reference point. Thus, all records 
may be lined up, one above the other, so 
that a vertical line passing through all of 
them passes through the incisura of the 
carotid wave on each. Events on the differ- 
ent records falling on any given vertical 
line are thus occurring at the same time. 

The w'ave forms for each of the border 
areas of the heart are found to be character- 
istic of that particular area, and to resemble 
closely the respective volumetric wave 
forms found in the physiology texts. The 
ventricular (Fig. 6^) waves follow' very 
closely, but not exactly, the '^'fentricular 
volume curves. Beginning with the incisura 
line, which indicates closure of the semi- 
lunar valves (end of systole and beginning 
diastole) the rising wave limb of ventricular 
motion is bent, the steeper portion repre- 
senting rapid diastolic filling and tlie less 
steep portion representing the phase of 
slow diastolic filling. The peak of the wave 
IS related to beginning systole, and the 
closure of the mitral valve. The opening 
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of the aortic valve is related to the notcit at 
the beginning of the down limb. Tlie steep 
downward limb represents \'entricular sys- 
tole, which terminates with the closure of 
the semilunar valves (the incisura of the 
pulse wave). 

The pulmonary artery motion (Fig. 65) 
presents a wave form with a sharply rising 
limb, a rounded crest, and a slowly de- 
scending limb, on which is a notch related 
to the closure of the semilunar valves. The 
sharply ascending limb is related to the 
ejection phase of ventricular systole. The 
beginning point of the wave marks the 
openincr of the pulmonary valves. 

The^tortic knob (Fig. 6C) presents a 
wave form very similar to the pulmonary 
artery but occurring slightly later in time, 
thus helping to differentiate it from the 

pulmonary artery wave. 

The riitiit auricular wave (big. 6D) is the 
most difficult to describe, since a pure 
auricular wave motion is rarely recorded. 
The adiacent right ventricle imposes its 
motion 'upon it, sometimes 
masking true auricular motion. I.ack ot a 
Sactoristic wave .form ,s perl^ . m 
dominant feature ol tins area 1 n r. 

with careful time measurements and tr 
;'.;::elatio„s th^fie of aur.c«lar ^ 

ron nsuallv be identified, vith the ( tnc 

Ave ^n to be related to the events ^ 
va\esscc the point 

'■'® on 'ti c ini'' 

chosen on tnc nu j 

more pro, ninent bcro -. l-^r,.^^^ 

pure ventricular • . . tv.rdu'- 

kart border in iyvKimt,^^ 

hepatic angle, li • - rna} cfm- 

menrion that ^ j-ielo b.c.tr? 

rriimte to the u . s.:|U,'»urrfe. 

I, order in the anterop^^ten. -d ^ 


myocardium and the norm;di s.i’v-.ir.-,- 
closing of the vah'cs rcia??'.! di.ft 
her. With nlteratiuns in {m eh. t ter 
the myocardium, or detect-, n; v-d-. r.„ 
there will he corresponding .“drrmd.-n' ■- -- 
the limbs of the curves. 

One cardiac conditimg non':.- I-.-,? 
ficioncy, will be mcnt(nne\i hriedy . 
lustrate the porenti-alifies «’f eT-. tn v- 
moiiraphv. Normally, the ic?t veraTuv 
a completely closed chamhrr duTinc, t-' • 
phases of its cycle, i,e., the O'er.ctr.r c* '• 
traction phase and tlic isom.c'tte rc.-oniv.'d 
phase. During both these pha-.e'- tie: a n!-,. 
and mitral valves are cln'-cd. N*'''- v.'M a- 
insufficient a{)rtic valve edidetini: a m .v: i 
fro murmur, the left ventrich- i- m- 1 ‘p.r' 
a closed chamher iluring anv pliaye nr e. 
cycle. The ventricular record ft nmo ' . 
will tliereffire exhibit corret-pondiae aUet.f 
tions on tlie filling an-! cmptvir.c hmu-- 

the curve. ^ . 

In a similar manner, ek-.tros}!n -..-r. , ' 

should prove useful in casr- o? ao? tn > 
sis, mitral disease, myocarma. trmo. , 
and other cardim a-Tv ul.ar ..Iv-cc.-v •. 

roentgenoscope !■' pr , . 

tus is for the rccoMuu: ft I'cc' 
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By lieutenant COLONEL CHARLES L. HINKEL 
Co}-ps, Anny of the Vnited States 
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3:00 A needle was inserted at the fifth 
luni^bar interspace and clear spina! fluid was 
withdrawn from the needle. 

3:01 P.M.~2 zc. of pantopaqiie (i ampule) 
was injected without unusual manifestatinn.s. 


and the table brought to the horizontal posi- 
tion. 7'he fluorescent screen was swung into 
position and a film placed in the .spot film de- 
vice. 

3:03 P.Af. — The roentgenoscopist (the aii- 


'jyrYEL(3GRAPHY, using opaque oil, 
has become an important and ac- 
curate diagnostic procedure. A valuable 
contribution was made when pantopaque 
was introduced for this purnose 

rantopaque (ethyl iodophenylundecjd- ^ needle was covered with sterile drapes and 
ate) contains 30.5 per cent iodine and be- 

cause of its admirable physical and chemi- ^ elevated jo degrees. The pillow 

cal properties (which will' not be discussed Ta lo'"'- 

here) has proved highly satisfactory for 

dinminQftV A- roentgenoscopic table. I he room was darkened 

diagnostic pui poses and, in our experience, 

has given rise to no complications in the 

patients on whom it was used. 

The control material was not, however, 

designed or intended for intravenous use. . ^ 

It is the purpose of this paper to report a who ivas fully dark adapted,' saw the 

case in which 3 cc. of pantopaque inad- POol of pantopaque about the i,ee<ile paint at 

.1 ^ j ..u r die leve of the fourth and fifth umbar verte- 

vertentiy entered the venous system of a , xt , 

■ . ^ . , . : ^ brae. No abnormalities were seen. 

patient without serious consequences. To order to demonstrate that the 

my knowledge, this is a unique occurrence, oil was lying free in the subarachnoid space, the 

The spot roentgenogram (Fig. l) is of con- patient was asked to cough,* As the patient 

siderable interest as a curiosity. coughed, I saw a marked and bizarre change 

in the pantopaque column. It apj)carcd to e.v- 

tend in all directions like a star-burst. 1 he 

oricinal subarachnoid oil column shrank rapidly 

admitted to Walter Reed General Hospital be- nnd branching, slender fingcr-like colu uv t 

cause of persistent pain in the lower part of the oil were seen extending to He ^ ^ • 

back. The pain was not vep^ severe, remained caudad and ccphalad from it. \hrlvn hjtuf 

in the midline, and was relieved by restriction 
of activity. TJiere were no significant neurologi- 
cal or orthopedic findings except limited mobil- 
ity in the presence of pain. There were no 
significant laboratory findings. Anteropostcrioi, 
lateral and oblique roentgenograms of the 
lumbosacral spine revealed no abnormalities. 

Clinicaiiv, the diagnosis was not clear cut, 
and it was decided to make a myelognim to rule 
out intradural or intervertebral disc disease 
before final disposition of the patient 


CASE REPORT 
The patient, soldier, aged twenty-five, tvas 


On July 13, 1943> foliowing procedure was 
carried out in the roentgenoscopic room of tlw 
Roentgen Department. 

The patient was placed on the tabic m prom. 

position with the head of the f 

degrees, and a pillow was placed un.ler the 

pelvis. 


CaiititUi tliJU 

seconds no oil could he seen in t/icsuhnnitTinn^u 
space and a broad oil column was .seen fonuiuy 
to the right of the lumbar spine. It was at once 
realized '"that the oil had entered the venom 
system. 

y/OtJo — .A spot roentgenogram was taken 

using a stationary grid (Fig. I ). ^ 

Tiie patient coughed and comphnne. o. 
“tightness in his chest,” but amt min'd o* 
breathe and cofiperate well. ^ 

Other spot roentgeiiogr.mis were tm.vn -i 
rapidly as the cassette*: could 
and out of the tunnel. 

opaqueoil. 


couii'i b 
None of fife 


.'I'lprsl 




It tts 




spjcr, 


;hr 


hxf 




r ■ 





XoL. 54 ) 


Entrance of Pantopaque into Venous System 


231 


j:oS P.M. — Roentgenoscopy of the entire 
spine, skull, chest, heart and abdomen revealed 
no opaque oil. 

j:Op P.^f . — Without further aspiration, the 
needle was removed, the patient transferred to 
a stretcher, and roentgenograms were taken 
of spine, abdomen and chest. At this time the 
patient was feeling better, but showed a rapid 
regular pulse (100) and appeared pale and 
shaken. 

The films were developed immediately but 
showed no opaque oil or evidence of cardiac or 
pulmonary abnormality. No opacity w'as seen 
in the renal or bladder regions. 

Chest and abdominal roentgenograms taken 
four hours later (7:00 r.M.) were also negative. 
Chest roentgenograms taken daily for a week, 
and weekly for two months after the episode 
showed no abnormalities, and no change since 
the original roentgenogram. 

A twenty-four hour urine specimen July 
13-14, 1943, showed 56.65 mg. of iodine in 
1,100 cc. (method of White and Rolf).^® 

For the next two days the patient w'as kept in 
bed and showed a low' grade elevation of tem- 
perature to 99.4° F. He developed a leukocytosis 
up to 13,000 w'ith 6 per cent eosinophils. This 
subsided by the third day and he w'as allow'ed 
to be up. He had no complaints w'hich could be 
attributed to the procedure. 

Two w'eeks later the same method revealed 
merely a “trace” of iodine in the urine. 

The feces were not tested for iodine. 

COMMENT 

Other opaque substances have been in- 
advertently introduced into veins. This is 
not uncommon in retrograde pyelography 
(pyelovenous backflow'). It has occurred 
several times w'itli lipiodol in the course of 
uterosalpingography."’^’ 

Pantopaque is not intended for intra- 
venous use and no report is know'n of its 
entrance into the venous system. No other 
case is known in which any opaque sub- 
stance has entered the venous system dur- 
ing or as the result of myelography. The 
incident is therefore view'ed as a curiosity 
rather than a complication to be antici- 
pated or feared. 

Strain^- has slow’ly administered 8 cc. of 
pantopaque intravenously to dogs weighing 
^>-20 kg. without serious results. Rapid 


injection resulted in a fatality. When the 
oil was emulsified, dogs tolerated as much 
as 20 cc. intravenously. 

The manner in which pantopaque is 
broken dowm, hydrolyzed, and excreted is 
not understood and is still being studied. 
We have evidence in this case that a meas- 
urable amount of iodine w^as excreted in the 



Fig. I. Spot roentgenogram of lumbar region taken 
thirty seconds after coughing and five and one-half 
minutes after injection. The opacified veins are 
presumably the intervertebral, lateral sacral, and 
lumbar veins. The inferior vena cava lies to the 
right of the spine. No oil remains in the sub- 
arachnoid space about the spinal puncture needle. 

urine in the first twenty-four hours. A 
“trace” was found in the urine tw'o weeks 
later. 

DISCUSSION 

Certain deductions appear to be justified 
and are made in order to offer at least a 
possible explanation of tliis unusual incident. 
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'94J 


^ndirectlv 

into the cava.* ' 

SUBSEQUENT STUDV 

A spinal puncture was not done to studv the 
nuid for blood or iodine following the above 
incident. 

Because the suggestion of vascular tumor was 


1. The needle must have entered the 
subarachnoid space since clear (not bloody) 
spinal fluid was withdrawn. 

2. The pantopaque was deposited in the 
neural canal; it was seen there by the roent- 
genoscopist, and appeared to be in the sub- 
arachnoid space. 

3 * The oil did not immediately enter i . - 

the veins. It was seen roentgenoscopicallv arnl , ^"^ f^^J^f^ologist a second myelo- 

within the spine four minutes after injec- ^ 1944)- The needle was 

tion. 

Instantly following the cough the oil was 
observed to leave the canal by means of 
multiple curvilinear pathways (veins). The 
exit of the oil was so rapid that in fifteen 
seconds the initial collection had disap- 
peared from the spine; in thirty seconds it 
was shown in the inferior vena cava, and in 
several tributary veins (Fig. i); and in one 
minute it had completely disappeared. 

4. From the above it appears that the 
cough was the precipitating factor. It has 
been shown that coughing, sneezing, and 


straining cause a tremendous rise in the 
cerebrospinal fluid pressure.** This pressure 
is many times that in the abdominal veins 
(patient lying prone) and we may assume 
that the oil was forced into one or more 
veins by the cough. 

To explain the entrance into the veins 
one must postulate a defect in the venous 
wall. 

(a) This was possibly caused by the 
initial insertion of the needle at 3:00 p.m. 
The absence of blood in the spinal fluid is 
difficult to explain in this case. 

(b) Possibly the wall of the vein was torn 
or perforated by contact with the needle 
point in the act of coughing at 3:06 p.m. 
This hypothesis is better suited to the facts 
and timetable. 

(c) Abnormal vessels in the cord or 
meninges might offer an explanation. Large 
vessels are found in meningioma, particu- 
larly the meningothelial type;- hemangio- 
ma, or venous angioma (racemose p'pe). 

The presence of the opaque oil m the 
inferior vena cava is not surprising, as all 
the complicated veins and plexuses in tiis 


inserted at the second lumbar interspace and 
the examination was carried out without mis- 
hap. Roentgenoscopy and roentgenography re- 
vealed no variation from the normal. 

SUMMARY 

During the course of a myelographic 
examination, 3 cc. of pantopaque entered 
the venous system and rapidly ascended 
the inferior vena cava. 

There was no objective evidence of oil 
embolus, and the toxic manifestations of 
the iodinated substance were very slight. 

This is a unique occurrence, the actual 
mechanism and cause for which remains 
undetermined. 
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T tumors of bone is a wTcfifeur! °i It2Ioscopk'‘exposuryi“ r “r®”® 'I"'* 

bcereoscopic exposures/-® Fjna]]y a patho- 


very difficult and 
important one which often faces the 
c inician, roentgenologist and pathologist. 
When confronted by an advanced and so- 
called “typical” bone tumor the diagnosis 
is, in many instances, made with facility, 
but in the early cases with minimal changes" 
it is a great deal more difficult. It is these 
early cases in which we are primarily in- 
terested, since the earlier a correct diag- 
nosis is made the earlier treatment can be 
instituted. Earlier recognition of cancer in 


logic examination of the tissue must be 
made, either by biopsy or by removal of the 
entire lesion. Of these methods of diagnosis, 
the first two can be carried out without 
causing the patient any additional pain, 
discomfort or complications.^ The last is 
more serious, and Meyerding and Vails'" 
feel that a microscopic examination of the 
tumor tissue by biopsy should be made be- 
fore any amputation is done. Several of our 
patients, especially Case 24, in which am- 


general is regarded as a primary source o( putation was performed for an infiam 
hope for future lowering of mortality rates matory lesion, give emphasi.s to this state- 
from cancer, although with regard to bone ment, 

tumors in particular, some investigators^*^® This paper is principally concerned with 
have presented evidence suggesting the ad- the accuracy of and difficulties met in diag- 
visability of delaying surgical treatment nosh of these lesions by roentgenographic 
Nevertheless the outlook for patients with examination. When confronted with a le- 
malignant tumors of the skeletal system is sion of bone there are three questions which 
so serious that all concerned would like to must be answered by the roentgenologist, 
be able to give the patient and his family an These are: “Is this a tumor or some other 
idea as to the prognosis as soon as possible, condition?” “If a tumor, is it benign or 
Codman has stated that any hospital malignant?” and “If a malignant tumor, 
which is doing its best for cases of bone is it primary or secondary?” Many condi- 
tumor will arrive promptly at the correct tions, notably infectious lesions of bone, 
diagnosis in the majority of cases of osteo- may be confused with bone turnons, and 
genic sarcoma independently in each de- while the history, clinical picture and 
partment concerned, and that if either the laboratory studies will help in many^m- 
clinician, roentgenologist or pathologist has stances, biopsy is often 


IS otten necessary. Die 
roentgenologic appearance will often an- 
swer the second question, and a thorough 
search of the entire skeletal system and of 


any doubt then probably all should and do 
have doubt.^ 

histerylncMi^ ra^dky of grmvth °pain, other parts of the body for multiple mctas 
SSn oTs,rptoL, traunfa, pathlgi-’ tases or possible primarv les.ns may g.ve 
cal fracture and previous treatment must the answer to the third quest/ . 

S SenTn to full consideration, and full One factor winch tends to jnc ease the 
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of Surgeons has presented a classification 
and do'ne much to clarify the situation by 
collecting a large group of cases/ many 
other classifications or modifications of 
the Registry classification have been^ ad- 
vanced.'’’^'^® In 1939® the original Registry 
classification was revised, one of the princi- 
pal changes being the recognition of the 
chondrosarcomas as a distinct group as 
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nosis of primary malignant bone tumors, 
and to correlate the pathologic picture with 
the roentgen picture. Some authorities be- 
lieve that the diagnosis of sarcoma of bone 
can be made on the basis of the roentgeno- 
gram alone,’^®’^® but others disagree.^-^^ It 
was in an effort to determine our experience 
in the matter that the following study was 
undertaken. The clinical histories, roent- 


Osteogenic Sarcoma and Chondrosarcoma 


Table I 


Case 

lYo. 

Original Roentgenologic Diagnosis 

Final Pathologic 
Diagnosis 

I 

Uncertain, possible malignant bone Uimor, possible osteogenic or chondro- 

Osteogenic sarcoma 


sarcoma 


0 

Osteogenic sarcoma 

Osteogenic sarcoma 

3 

Malignant osteogenic sarcoma 

Osteogenic sarcoma 

4 

Either osteogenic sarcoma or Ewing’s tumor 

Osteogenic sarcoma 

5 

Probably a growth 

Osteogenic sarcoma 

6 

Atrophic changes and possible hypertrophic changes; appears to be a re- 

Osteogenic sarcoma 


sult of infection 


7 

Not recorded 

Osteogenic sarcoma 

8 

Sclerosing osteogenic sarcoma 

Chondrosarcoma 

9 

Giant cell tumor 

Chondrosarcoma 

10 

Possibly a malignant enchondroma 

Chondrosarcoma 

II 

Not recorded 

Chondrosarcoma 

li 

First examination: nothing abnormal; second examination: uncertain, 

Chondrosarcoma 


possibly a metastatic or primary tumor 


13 

Probable osteoma of the scapula 

Chondrosarcoma 

14 

Possible luetic lesion; enchondroma cannot be excluded 

Chondrosarcoma 

15 

Request further examination 

Chondrosar com a 

16 

Suggestive of osteo-cnchondroma or osteogenic sarcoma 

Chon dros arcom a 

17 

Not recorded 

Chondrosarcoma 

18 

Metasmtic malignancy 

Chondrosarcoma 

19 

Probably chondroma 

Osteogenic sarcoma 

20 

Osteogenic sarcoma 

Chondros arcom a ? 

21 

Malignant tumor — periosteal fibrosarcoma 

Osteogenic sarcoma 


advocated by Phemister/® other classifica- 
tions, notably that of Geschickter and 
Copeland,® have also recognized the neces- 
sity of separating the chondrosarcomas 
from the general group of osteogenic 
tumors. As padiologists change their opin- 
ions as to what constitutes any one group it 
is well for roentgenologists to review their 
roentgenograms of this group in an effort 
to correlate what they see with the new 
pathological diagnosis. In this paper we 
have followed the classification of tlie 
Registry (although only one of our cases 
has been registered with that group). 

This paper is an attempt to evaluate the 
difficulties and pitfalls in the roentgen diag- 


genograms and pathologic sections of all 
cases of primary malignant tumors of bone 
which had been seen in this hospital since 
January i, 1931, were restudied and many 
of the tumors were reclassified. Those 
classified as osteogenic sarcoma and chon- 
drosarcoma, together with several cases 
which might be confused with these condi- 
tions, are included in this series. Only those 
cases in which the available clinical data or 
pathologic material were inadequate for 
classification were excluded. The roentgeno- 
grams on these cases were restudied in an 
effort to form some conclusions as to the 
characteristics of these lesions, and the orig- 
inal roentgenologic diagnosis was checked 
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constant potential, 15 ma., 0.5 mm. Cn and 2 
mm. Al, 50 cm. skin target distance). On 
September 18, 1934, the leg was amputated, but 
by January, 1935, lung metastases were demon- 
strable and he died in May, 1935. 

The roentgenographic examination before ir- 
radiation showed an area of destruction and 
sclerosis involving the lower end of the right 
femur with a fairly large soft tissue tumor con- 
taining some calcification. There was periosteal 
reaction and new bone formation extending 
into the overlying soft tissues creating a “sun- 
ray” appearance on the posterior surface of the 
bone (Fig. 2). 

On pathologic examination this tumor showed 
cellular areas of predominantly osteolytic 
growth, but areas of sclerosis were also present. 

Case 3. W . J., male, Negro, aged sixteen, 
was admitted on July 8, 1942, complaining of a 
sore left leg for six weeks. There was marked 
swelling of the upper part of the leg just below 
the knee and extending downward for about 6 
inches. On July 23, 1942, a left lower thigh am- 
putation was done. Lung metastases were 
demonstrable in March, 1943, and the patient 
died in November, 1943. 

The roentgenographic examination showed 
evidence of bone destruction involving the shaft 
of the left tibia just below the epiphyseal line, 
with bony spicules radiating into the soft 
tissues. Roentgenographically, the process was 
largely a destructive one (Fig. 3), whereas the 
microscopic appearance was for the most part 
that of a sclerosing osteogenic sarcoma. Con- 
siderable cartilage was present in the tumor. 

Case 4. J. W. H., white male, aged sixteen, 
was admitted on November 23, 1936, with pain 
and swelling in the right knee since the previous 
S^tember. There was an osseous tumor about 
8 by 5 cm. on the mesial aspect of the right knee. 
The same day a mid-thigh amputation was 

u metastatic lesions in 

the lungs within a year, and it was reported to 
ns from another hospital that there was a simi- 
lai lesion in the other knee. He died on Tune 27 

The roentgen examination showed an area of 
bone destmction involving the lower end of the 
right femur, and a large soft tissue tumor which 
contained some streaks of calcification. There 
were periosteal elevation and lipping, but no 
perpendicular striations. The process was al- 
most entirely osteol)i;ic (Fig. 4^) . 
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Fig. j. Case 3* Osteogenic sarcoma. This case demon- 
strates the typical radiating spicules and “sun- 
ray” appearance of osteogenic sarcoma. There is no 
marked sclerosis at this time. 

The tumor was composed of large polyhedral 
cells with little intercellular substance, but in- 
cluding a small amount of osteoid tissue. Evi- 
dences of old and fresh hemorrhage were 
conspicuous, and there were many blood-filled 
spaces lined with tumor cells. We have classified 
It as an osteolytic osteogenic sarcoma (Fig. 45). 

Case 5. M. M. L., female, white, aged forty- 
six, was admitted on November 19, 1904 with 
a steadily growing mass on the anterior aspect 
of the right shoulder in the region of the cora- 
coid process. A biopsy was taken, and on Janu- 
ary 27, 1935, a radical excision of the tumor and 
parts of the scapula and clavicle was performed, 
but local recurrence and lung metastases de- 
elopd and she died early in 1936. 

Ihe roentgen examination showed an osteo- 
blastic process in the region of the coracoid 
process of the right scapula which had extended 
into and destroyed the cortex. 

examination showed a charac 
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Fig. 4, Case 4. Osteogenic sarcoma. A, this case demonstrates an almost completely osteolytic lesion with a 
arge soft tissue tumor without calcification. There is some periosteal reaction. B, photomicrograph of the 

same osteolytic osteogenic sarcoma (X620). 


Case 6. W. H., white male, aged eighteen, 
was admitted on September 7, 1934, complain- 
ing of stiffness, pain and swelling in the left 
knee for one month. The patient was given 
irradiation with a total dose of 2,000 r in air 
(165 kv. constant potential, 15 ma., 0.5 mm. 
Cu and 2 mm. Al, 50 cm. skin target distance, 
15 by 15 cm. field) during the next month and 
a half. On October 29 a mid-thigh amputation 
was carried out but there were lung inetastases 
within two months and the patient died in 
February, 1935. 

The roentgenographic examination of the 
upper leg showed some periosteal reaction and 
lipping of the tibia with dislocation of the head 
of the fibula. The destruction of the lateral 
half of the head of the tibia became more 
marked, and all of the changes progressed very 
rapidly in spite of roentgen therapy. 

Because of the extensive necrosis, presumably 
due to irradiation, the pathologic material is 
poor. The anaplastic character of the remaining 


viable cells leaves little doubt as to the histo- 
logic diagnosis of malignancy, but more exact 
pathologic classification is difficult. 'We have 
classified it with the osteolytic osteogenic 
sarcomas. 

Case 7. S. R., white male, aged thirteen, was 
admitted on August 1 5, 1932, with a history of 
pain and swelling of the left lower leg following 
a blow three weeks before. On August 17 a 
biopsy of the lesion was done and on August 26 
an amputation at the lower thigh level was per- 
formed. By January, 1933, lung inetastases were 
present and the patient died one year later. 

The roentgenograms in this case have been 
destroyed. 

Pathologic examination of the tissue showed 
an osteolytic tumor with small amounts of 
osteoid tissue and cartilage. 

CHONDROSARCO.MA 

Since 1931 we hav^e had J 1 case.s in which 
a diagnosis of chondrosarcoma was estab 
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lished. Brief abstracts of the histories on 
these patients follow: 

Case 8. A. P., white female, aged fifteen, was 
admitted on October 15, 1935, complaining of a 
painful lump on the right thigh for four months. 
The day after admission a hip joint disarticula- 
tion was done. The patient was living and well 
on Febmary i, 1944 (8j years after disarticula- 
tion). 

The roentgenologic examination showed a 
diffuse process involving the lower half of the 
right femur characterized by destruction of the 
medullary portion of the bone with some evi- 
dence of periosteal proliferation. There were 
striking perpendicular striations with flattened 
tops, as seen in several other cases in this 
group (Fig. 5//). 

The tumor was composed of lobules of fairly 
mature cartilage separated by very cellular 
tissue having the appearance of embryonal 
cartilage. There were areas of calcification 

(Fig. sB). 


Case 9. M. P. H., female, white, aged twenty 
two, was first seen on January 'll, 1935, com- 
plaining of pain in the upper part of the left 
tibia. Following roentgenographic examination 
she was given roentgen therapy to the knee, but 
there was little improvement. In June, 1937, 
the tumor was curetted. Less than a year later, 
a large local recurrence developed, and on April 
18, 1938, a mid-thigh amputation was done. The 
patient was well on April 4, 1 944 (6 years after 
amputation). 

Roentgenologically, the original examination 
showed an area of bone destruction involving 
the inner half of the head of the tibia, but the 
cortex was intact (Fig. 6.^). After prolonged ir- 
radiation the lesion developed small scattered 
calcified densities. The cortex was never 
broken. The diagnosis of giant cell tumor was 
made from the roentgenograms (Fig. 6 B ) . 

The pathologic examination showed a heavily 
calcified chondrosarcoma. Occasional bone 
trabeculae were formed in the cartilaginous 
matrix of the tumor. This sarcoma is considered 



Fig. 5. Case 8. Chondrosarcoma. there is extensive erowth nf 1 

are flattened at the periphery as indicated by arrows. The calcification in the ^ outer eiids of which 

B, photomicrograph showing a lobule of well differentiated cartilage with embr"^°^- j^^ge flecks, 

containing many spindle and stellate cells about the periphery (X300) >onic cartilaginous tissue. 
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Fig. 6. Case 9. Chondrosarcoma. a roentgenogram made when the patient v.'as first seen sho'^ing .a large 
destructive lesion which has not broken through the cortex. 5 , two and a half years later this lesion contains 
many flecks of calcium, at arrows. This tumor still leaves the bony cortex intact. C, photomicrograph of 
secondary chondrosarcoma of tibia ( X joo). 


to represent malignant change in a chondroma 
which was benign at the first examination (Fig. 
6C). 



. Cas- 10. Ciiondrosarcoma. The rwntgeno- 
; sho.-s =. .umor leaving ro .race o, .he 
ex and containing flecks of ca.cmm. 


Case 10, G. H., white male, aged fifty-six, 
vas admitted on March 30, 1943, with a lump 
in his right side in the mid-axillary line which 
lad rapidly increased in size in the previous 
rear. A re.scction of the tumor was done the 
text day and the patient was clinically well on 
\pril4, 1944 (i year after operation).^ 

The roentgen examination showeti a tumor 
he size of an orange arising from the seventh 
ib in the mid-axillary line whicli had expandetj 
he cortex leaving no trace of the original cor- 
ical line. Small .spotty deposits ofcalcium cou.d 

)e seen (Fig. 7). , 

Examination of the specimen showen the 
emnants of the cancellous portion of the nh 
n the center of the tumor. .Section'' showed a 
lighlv cellular tumor with a matrix of myxoma- 
ous tissue and embryonal cartilage. A gooo dt.u 
,f bone was present but it .apjieartd to be en- 
irciv rencive. The his.ory ’•I"' ' 

„v'l,»ve bevn secondary t-g. cbon<.ron.a, .. . 
,'e have no roentgen or pathologic tMUs.r.cc .. 


:ase 1 1. F. H., vinic “‘7 , 

ni.tcd to tbe bospna. on ' 

h a bistorv tliat one year prevnaj- . u.n ■ 
he rib had been nn.ed in a nn.nr.e r-a .... a 
ndnation ci'the e he' < ya.e n . ^ 

il al,o..t .a n...n.h tenen; adrn, g;- . 
re ■.v.nr pain on .ieep .n- pna. n.n. n _ 

rib 4 cm- !nng i. ■ 

; patient !.<■ entire:)- wci. .«£ ‘f‘-' ■ • 
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Fig. 8. Case ii. Chondrosarcoma. A, this lesion expands the cortex of the rib but does not break through. 
It contains no calcification in the center. 5 , photomicrograph shows the immature character of the car- 
tilage, its marked cellularity and the plump appearance of the cells (X620). 


The roentgen examination showed a central 
tumor in the eleventh rib. The cortex was 
slightly expanded but still intact. There were 
several small osteochondromas demonstrable 
in this patient (Fig. SA). 

The tumor was small and well circumscribed, 
being still enclosed within a shell of cortical 
bone. The diagnosis of malignancy was based on 
the histopathologic findings of marked cellu- 
larity, the general plump appearance of the 
nuclei, occasional binucleated cells, and mitotic 
figures. The matrix was almost wholly myxoma- 



tous. We have considered this histopathologic 
picture as indicative of early malignant change 
in a chondroma (Fig. 85 ). 

Case 12. J. M., male, white, aged thirty-six, 
was first seen by us on October 31, 1942, com- 
plaining of pain in the upper left femur for two 
months. On December 11, he was re-examined 
after the surgeon had made a clinical diagnosis 
of tumor because of the patient’s severe symp- 
toms. Disarticulation at the hip joint was ad- 
vised but refused by the patient. He was given 





''nl' f CI>on*osarcom.n. roentgenogram made Oetober 30, 1941, shows no evidence of a tun, 
The tumor was first seen m a roentgen examination made December ir lod'’ /? mpni-r. 

June 6, 1943, shows a large soft tissue tumor with destruction of the trochanter^ and f 

scattered throughout the soft tissue mass. trochanters and flecks of calcificat, 



Imo lo. Case i:». Chondrosarcoma. A, roentgenogram made of the shoohier in j.,;; sh-nvir-e 

'n i<):?4 tj’c tumor of the scapula had umiert-une mai;gs;.ant ch.ifee 
^ " ’ calcification scattered thrmisjlunit. '1‘he toiK of v-u" tiftj- v- 

werefiattened, asm I'jgiircc. ' ‘ ' 


extensive roentgen treattnent and Coley’s 
toxins, both before and after biopsy, but the 
course was steadily retrogressive and he died 
at home on October 22, 1943, after the tumor 
spread to the ilium and metastasized to the 
lungs- 

Roentgen examination made in October 
showed very slight rarefaction of the greater 
trochanter oi the femur, but the.se slight changes 
were overlooked at that time (Fig. <)A). In 
December there was a definite dcstrucrive le- 
sion of the greater trochanter and the neck of 
the femur, which as time went on showed fleck'^ 
of calcification in a large .‘•oft tissue tumor 
(Fig. 9/i). _ 

Biopsy of the tumor showed fairly well dif- 
fcrentiatcfi but unusually cellular cartilage ami 
small foci of myyom.'iTovs tissue containing 
bizarre cells. 


Cash 13. 1 1 . C., white m.iie, aged tliirty, wa'- 
admitted on N'nvcrnhcr />, 19,16, camphtrtint: of 
a rapuliy growing Jump on the right sltouhier. 
Since the age of three or four many small himp^ 
had been noted on lu's arms and leif^ a?ui »m 
other bones, and cxandnatimi at the tunc of a-.F 
nuFsion showetj many erootn-t--. I hrci- d.'r\' 
later the greater p:irt of fJir scapuil.t va-. ce- 
Cf-eu*, but local recurresH-cs v.c-e noted ni Jan- 
aary. J037, and the patient ihnl of nndtipV 
nct.-otcf'C ' <.>n March U, io;?"- 
I'hc ro-rntecn exarnitvatd.n of flu-, 

4 particular tr.fcrc.-t o- o.,^ - 


f “f ^ J ? * ’■ 


v,nis/! irm 


made twelve years previrmsly and wtmh 
showed an o'-teochniuiroma ildg. fo,/). .’\t the 
time of aciiuission the scapuha was ahiUn? en- 
tirely replaceti In- bony tumor which shovo-d an 
irregular pattern of calcifieatton, the calcific-i- 
fion occurnng i/i large irregular flecks, 'f'hc-e 
were flattened along the jn'riphcrv as w;e, ‘.vet: 
in Case vS (lug. ioH). 

Mistopathologicaily this was an an.ipl.isto 
spindle cel! tumor with occasiomd are.e- of tfo v- 
oniafous tissue or f>f cftihryon.tl or rah'gl-.-.i 


cartiiace. 


Casi: 14. .M. K., white female, aged 


was aiimitted on Xovemb- 




;th 

lump on the antenor surtars- of tlu' rif'hr Am 
of fen tnonfhs' dm, stum. A tl!ef,‘.p-.!!*ie fr-t 
with bismuth was eatrieJ o>,jt tm ' p’U., t>t .-4 e.r;-.: ■ 
tivc blood M a s' set Hi a lut I !*: c.iU'e * be , feh? i 
that the le.don wio- luetn; w.)-, Mii'cc -fr.i- to-' 
of irradiatiort cli-.i nor fn-i-xhuc imv bi-ov.r- ‘ 
change. In jfmr, rvA-t.^thr t'uoor u;.s exc— i 
but tin- s.tK'Cimrn v..e’ b'-o .m. ; y.olv 

.(finuatnan ts.e-- J'.ot ftr.UJt. ta-'-ii s-, ■ 

rence tn Jarsuary. rv_;t, ;.ed f'';.- “ 

fUmC't V.,is ut’-'-'"''"'!- .'^•■'4 t:ii *' ,S.‘; r •- •> ■ 

coed amufgaJo, egfem? pmloC.-y - I f' ^ 
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to tf;r 
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The roentgen examination showed a lesion 
of the anterior surface of the tibia characterized 
by thickening of the cortical bone, surmounted 
by a soft tissue area containing small discrete 
flecks of calcification (Fig. iiA). This gradually 
grew larger, but after the second removal the 
recurrence showed definite periosteal prolifera- 
tion and coarse perpendicular striations with a 
large soft tissue tumor, much like the original 
appearance in Case 8. 

The tumor was predominantly mjTfomatous. 
The history suggests the possibility that the 
sarcoma developed at the site of a pre-existing 
benign lesion, and an osteochondroma was pres- 
ent at the upper end of the tibia. However, 
there are no roentgenographic or histopatho- 
logic findings which give support to this possi- 
bihty (Fig. iijB). 

Case 15. J. D., white female, aged fifty-two, 
was first seen in August, 1931, complaining of 
swelling and stiffness of the right knee for sev- 
eral months. Following examination here she 
went to the Johns Hopkins Hospital where an 
amputation just above the mid-thigh level was 
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done. She developed a local recurrence in the 
stump which extendedintothepelvis,and pulmo- 
nary metastases, and she died on June 8, 1933. 

The roentgen examination showed an in- 
crease in the width of the right femur with 
marked subperiosteal reaction. The distinct- 
ness of the trabeculae was lost. The patient did 
not return for further examination as we re- 
quested (Fig. 12). 

The diagnosis of chondrosarcoma arising in 
Paget’s disease was made by Drs. J. C. Blood- 
good and Charles F. Geschickter. We have 
been permitted to study the sections which 
show a highly cellular tumor including myx- 
omatous areas and abundant neoplastic car- 
tilage. Nothing was seen in the sections which 
we studied to substantiate the diagnosis of 
Paget’s disease, but the roentgen examination 
is suggestive of this condition. We have classi- 
fied this lesion, therefore, as a secondary chon- 
drosarcoma. 

Case 16. W. K., male, white, aged sixty-fivje, 
admitted April 17, 1937, complaining of a con- 
tinuously growing lump on the left shoulder 



1 -iG. 1 1. Case 14. Chondrosarcoma. A , when the patient was first 
soft tissue mass containing irregular calcific deposits, in addition to the hone ; showed a small 

recurrence this resembled Figure 5 . 5, photomicrog;aph S hr^mor of whi^ 

sho«.„ Figure uA. His.opathologically this tumor ft timiSr to 8 //rxS " 
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Fig. 12. Case 15. Chondrosarcoma. The involved 
knee shows a widened bone with widened ^^r^^oecu- 
lae and a generalized smudgy appearance ot the 
bone. This was thought to be localized Paget s dis- 
ease with sarcomatous change. 


or two years. One year before this jjs 

irst noticed he had fallen on that shoulder, 
)ut there were no known bad effects from the 
HI cr one year. Two days after admission the 
™r and greater part of the scapula were re- 
,Zed, but there was a local recurrence m 

vfovember, 1937 , 

August, 1938, '';;^;^’"J,Sr;howed a 

Sained mottled calcificat.on al- 

thoiigH not as extensive ‘^Hvxomatous or coni- 
Mnch of the tninor 

posed of closely („„' h: was classified 

2 ;Sabb- tt" aiisen secondarily in a pre- 
existing osteochondroma. 

r- F. C female, white, aged twcnty- 

,e^::nsid!5dttedonO«oher^ 


diagnosed as sarcoma in another hospital. Chor- 
dotomy was done for the relief of pain, but no 
specific treatment was carried out for the tu- 
mor. The patient died six months postopcra- 
tively. The tumor proved to be a chondrosar- 
coma, but we are unable to evaluate the 
roentgenologic features, as these roentgeno- 
grams have been destroyed. 

Case 18. J. K., male, white, aged fifty-one, 
was admitted on April 27, 1942, for inguinal 
herniorraphy. When he complained of pain in 
his left thigh radiating down his leg postopera- 
tively, a roentgen examination was done and 
the diagnosis of metastatic carcinoma was 
made. However, on August n, 1942, the lesion 
was biopsied and diagnosed as a chondrosar- 
coma. The sections showed calcified cartilage 
and myxomatous tissue. No specific treatment 
was carried out and the patient became progres- 
sively cachectic and died on September 20, 
1942, although no metastatic lesions were 
demonstrated clinically or roentgenologically. 
Autopsy was not performed. 
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Case 18. with no tle.struc- 

how.s geiier.nli 7 .cd ,„tr.nh!c in this 
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The roentgenographic examination of this 
patient showed a dense sclerosis of the left 
ilium with loss of bony trabeculation. This was 
thought to be metastatic carcinoma of an osteo- 
blastic type. As time went on, this spread and 
involved the head of the left femur (Fig. 13). 
The other bones were normal. 

ROENTGENOGRAPHIC FEATURES 

Comparison of the roentgenograms of 
this series of patients with tlie classical de- 
scriptions of these tumors of bone brings 
out several interesting points. Sclerosing 
osteogenic sarcoma is described as occurring 
characteristically on the shaft side of die 
epiphyseal zone and showing mottling due 
to destruction and sclerosis within the bone. 
In some instances die growth extends be- 
yond the epiphyseal zone as obsen’-ed in 
Cases I and 1 . The cortex is incompletely 
preserved although in spots it is obscured 
by calcification extending into the perios- 
teal and medullary zones. The periosteum 
is raised above or below the tumor giving 
periosteal lipping or the so-called “Codnian 
triangle”^ and spicules of new bone are laid 
down perpendicular to the cortical surface 
producing the shaggy “sun-ray” appear- 
ance. There may be extension into the soft 
tissues. 

Osteolytic osteogenic sarcoma manifests 
itself by a central area of irregular destruc- 
tion which eventually extends through the 
cortex. It is asymmetrically located and 
there is periosteal reaction. The soft tissues 
are often involved. 

In many cases the two t^^ies are co- 
existent, and these cases exhibit more defi- 
nitely the findings which have been de- 
scribed by Codman as occurring in every 
osteogenic sarcoma. According to him, 
tliese are tumors of invasive character with 
combined central and subperiosteal in- 
volvement in which fragments of the shaft 
remain. They may be either osteolytic, 
osteoblastic or both, and. there is involve- 
ment of the soft tissues. He feels that if 
these characteristics are not fulfilled one 
must suspect that the condition is not osteo- 
genic sarcomad 


Roentgenologically, Case i in our series 
is as nearly pure sclerosing osteogenic 
sarcoma as any we have observed, but even 
in this there is destruction of areas of the 
cortex which can be seen in the more highly 
penetrated roentgenograms. In those made 
for soft tissue detail it can be seen that this 
tumor has invaded the soft tissues of the 
leg. The sclerosis gives a cottony appear- 
ance to the lower end of the femur. It is 
important to note that in this patient there 
were none of the radiating spicules which 
have been called typical of osteogenic 
sarcoma. 

Case 4 in this series is as purely osteo- 
lytic osteogenic sarcoma as we have seen. 
The cortex on the mesial side of the bone 
was destroyed and there was a large soft 
tissue tumor. This was a far advanced lesion 
when it was first seen. There was “classical” 
periosteal lipping. Cases 2 and 3 would 
come under the heading of tumors of a 
mixed type, roentgenographically, as would 
the other cases in which we have had 
roentgenograms to study. 

Case 6 is wortliy of note in that it was 
probably the earliest case included in this 
series. At the time of the first examination 
there was only a small amount of periosteal 
elevation and lipping to indicate the pres- 
ence of any pathologic lesion. This is one 
of the earliest signs of osteogenic sarcoma 
and should be carefully watched for in all 
patients complaining of persistent pain in a 
bone or joint. 

Liclitenstein and JafFe^i have divided tlie 
chondrosarcomas into two groups, the cen- 
tral and peripheral. The roentgenographic 
findings in tumors of the central group can 
be divided into two subgroups, those which 
begin in the medulla, and others beginning 
in the cortex or just under the periosteum. 
The first group shows large thick-walled 
cavities tending to destroy the cortex. The 
areas of decreased density may show 
trabeculation, with central areas of multi- 
locular destruction or foci of calcification 
scattered irregularly throughout the lesion. 
Ihey occur in the ends of long bones and 
the cortex is perforated late. In our series 
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Cases 9, 10, and ii fall in this group. The 
second subgroup shows a faintly fusible 
shadow in the soft tissue next to the bone, 
raising the adjacent periosteum, frequently 
with no medullar}' and very little if anx' 
cortical involvement. The shadow is very 
faint and when calcification is present it is 
sparse and takes the form of radiating 
spicules at right angles to the cortex or 
large flecks. The entire lesion may cast so 
faint a shadow that the diagnosis of tumor 
may be missed on a limited roentgen exami- 
j-ja,tion.^'^*^’^^’^ Cases 8 and 14 our series 
definitely fall in this classification. It is im- 
portant to note that the perpendicular 
spicules spoken of as occurring in this tumor 
may be distinguished from those of osteo- 
genic sarcoma because the former grow to 
heater length (sometimes an inch or more) 
while those of osteogenic sarcoma usuall}' 
do not reach a length of over f inch. In ad- 
dition the radiating spicules occurring m 
chondrosarcoma show a flattened outer 
surface as if the outermost ends of the 
spicules xvere molded by the overlying 

Set^darv or peripheral chondrosarcoma 
developing on the basis of benign osteo- 
chondroma in the cartilaginous cap usual } 
retains some of the underlying features of 
the priman' growth but the edge becomes 
racrged and'a large soft tissue 
which contains scattered irregiilar foci ot 
ralrification Those dev^eloping on the 

of these ‘ U developed 

irregular ^alcifica 

sembled those seen m Case s o 

local excisions and one 

tumor. . cpries had one find- 

All of the casern our sen^ 

ing m OO'””® ’the tumor niass. 

fication thnt (Case io)> 

In some this vas . 
others quite sparse ( ‘ - 


hibited this leature to some degree. We 
believe that this is a significant finding, 
roentgenologically, in the differential diag- 
nosis of these lesions. 

The earliest case in this series was that 
recorded as Case 13, in whicli the first 
roentgen examination was reported as nega- 
tive and nothing could be seen tintil six 
weeks later when there was beginning de- 
struction of the neck of the femur. On 
reviewing the roentgenograms now, the 
impression is gained that there is some 
slight destruction of the neck which is 
probablv of significance. This re-empha- 
sizes the fact that minimal changes must 
be carefullv watched tor and mentioned, 
and then followed closely in order to ascer- 
tain their significance. 

atvpical cases 

In our series of malignant bone tumors 
there are 3 cases in which we arc unable to 
correlate the roentgenologic and patho ogic 
findings. Summaries of these cases tollow. 

Case 19. D. B., female, white, aged forty, 

was admitted on March 24> fjr 

complaint of tenderness over the left knet or 

preMOUsi}.^ Hnwpver on Tannary n, 

^dhTLV.hish\v.?carne<l 

but the patient died a 

The "y;,.n of the lt)« et end 

tumor ol thcincdullj , . j | the 

of the diaphysts y. |”e n a^ -.lielu 

external condyle o me femi^ 

destractionolthecort j , , 

at one point. of traheailac, a»u 

calcification and ,,ce dmilar 

the roentgcnograph.c 

to that seen m Ca e ijrK tponne 

The tumor was I i„n of carrifnx. 

celU wi.h.no evK cncc o. 

Osteoid tissue or ' ij, the irnirrcruc . 
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Fig. 14. Case 19. Osteogenic sarcoma. A, the tumor in the lower part of the femur shows a small area of de- 
struction of the cortex at the upper part of the lesion, indicated by arrows. There are suggestions of 
trabeculae and deposits of calcium. B, photomicrograph shows a uniform picture of a spindle cell tumor 
without evidence of bone or cartilage formation. This appearance is typical of that of numerous sections of 
the original tumor and both recurrences ( X300). 


genic sarcomas pathologically, despite the fail- 
ure to form tumor bone. It corresponds with 
the medvillary fibrosarcomas which the Regis- 
try lists as a subdivision of the osteogenic 
sarcoma group® (Fig. 14^). 

Case 20. R. S., white male, aged twelve, was 
admitted on March 13, 1940, with a painful, 
stiff left knee of three weeks’ duration. Five 
days later exploration was done, frozen sections 
were made and the leg was amputated above 
the mid-thigh level without removing the 
tourniquet. By November, 1940, there were re- 
currences in the stump, the inguinal lymph 
nodes were enlarged, presumably due to metas- 
tases, and lesions were demonstrated by roent- 
genologic examination in the lungs and opposite 
femur. The patient died on December 15, 1940. 

The roentgen examination showed a fairly 
large soft tissue tumor involving the lower end 
of the right femur with periosteal elevation 
giving lipping and perpendicular spicules. 


There were many calcified areas in the soft 
tissue mass (Fig. 15, // and B). The roentgeno- 
grams of this tumor resemble those of Case i, 
and would indicate that this tumor was an os- 
teogenic sarcoma. 

Sections of the tumor show cartilage which is 
highly cellular and extensively calcified, al- 
though some areas are myxomatous. This ap- 
pearance, of course, points to the diagnosis of 
chondrosarcoma, but very little tissue is avail- 
able for study and, in our opinion, the examina- 
tion cannot be considered sufficiently complete 
to classify this tumor accurately as a chondro- 
sarcoma, especially since the roentgen findings 
are so characteristic of osteogenic sarcoma (Fig. 
15C). 

Case 21. J. L., male, Negro, aged seventeen, 
was admitted May 17, 1943, complaining of 
stiffness and swelling of the right knee for one 
month. After the roentgen interpretation, am- 
putation was advised, but the patient’s family 
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teomyelitis and the tn <^>agnosed as os- 


sue mass. There were snmp floral, c 
tion within the soft rice ealcifica- 

the cortex of the .bono ‘^^^‘^ojction of 

medial side (Fig, marked along the 



Fig. 15. Case ao. Questionable chondrosarcoma. lateral roentgenogram showing the combined sclerosis 
and destruction, with a large soft tissue tumor. 5 , anteroposterior view showing the radiating spicules. 
C, photomicrograph showing fairly well differentiated cartilage with extensive calcification ( X300). 


amputation was done on June 26, 1943. The 
patient died that night in shock. Permission 
for an autopsy was not obtained, but we secured 
the amputated leg for examination. 

The roentgenographic examination showed a 
destructive lesion of the lower end of the femur 
with periosteal elevation above a large soft tis- 


Histopathologically, atypical and well differ- 
entiated cartilage formed a large part of this 
growth but it was considered more proper to 
classify it as an osteogenic sarcoma since in 
addition there wa.s considerable formation of 
tumor bone or osteoid directly from the highly 
cellular matrix of the tumor (Fig. 16, B and C). 




Fig. i6. Case 21. Osteogenic sarcoma. A, the roentgenogram shows a large soft tissue tumor lifting the 
periosteum and containing flecks of calcium as seen in chondrosarcoma. There is some destruction of the 
bone. B, the tumor contained abundant cartilage, which is evident in the peripheral portion of the lesion 
in the photograph (the fracture was produced in preparing the specimen). C, photomicrograph of the 
tumor illustrated in B, showing one of the areas where osteoid intercellular substance is being laid down 
(X620). 


These 3 cases which have the roentgen 
characteristics of one lesion and the patho- 
logic characteristics of another demonstrate 
that accurate diagnosis cannot always be 
made from the roent gen exarnination alone. 
Case 19, which could be classified as typical 
of the central chondrosarcomas from the 


roentgenologic appearance and closely re- 
sembling Case 9 j showed the histopatho- 
logic pattern of medullary fibrosarcoma of 
bone. The clinical course of this patient 
differed from that of our other osteogenic 
sarcomas in that this woman had a recur- 
rence in the scar, and in its unusual life 
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history of twenty-nine months. It resem- 
bJes more closely the way in which our 
mtal cases of chondrosarcoma terminated. 
The osteogenic sarcoma cases, for the most 
part, developed lung metastases and died 
within a very short time. Ewing® describes 
a roentgenographic appearance similar to 
that of this case as characteristic of the 
medullary fibrosarcoma, and adds that 
such tumors usually run a slow course and 
are comparatively benign. Simmons’® de- 
scribes 2 cases of central osteogenic sar- 
comas of fibrous type which were diagnosed 
by the roentgen examination as giant cell 
tumor. They were treated by irradiation 
and died with lung metastases six and seven 
years respectively, after the beginning of 
treatment. 

Both Cases 2o and 2i demonstrate the 
contention that the pathologic material 
from which the diagnosis is made must be 
adequate and representative of all parts of 
the tumor. While we feel that in Case 2o 
the roentgen appearance of the tumor was 
typical of the osteogenic sarcoma group, 
the two small sections of tissue still avail- 
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incorrectly classified as a chondrosarcoma 
if pathologic study had been limited to a 
biopsy or to a few small portions of the 
amputated specimen. In view of the abun- 
dance of cartilage in the tumor, such frag- 
ments might have been composed entirely 
of such tissue and the roentgenographic 
study would have lent support to the diag- 
nosis of chondrosarcoma. AVe believ^e that 
it is the abundant cartilaginous tissue that 
accounts for the roentgenographic re- 
semblance of this tumor to the other lesions 
in the chondrosarcoma group. 

OTHER CASES CAUSING CONFUSION 

Along with these tumors which fit into 
the series of osteogenic sarcoma and chon- 
drosarcoma, we have observed five lesions 
of bone which have certain characteristics 
that might cause them to be confused with 
these two primary malignant tumors of 
bone. Abstracts of their histories follow. 

Case 22. A. M., white male, aged twenty, 
was admitted November 18, 1931, complaining 
of pain in the left arm for seven months, with 
some loss of motion in that shoulder. After ex- 


able to us for study do not confirm this, 
but would indicate that it is a chondrosar- 
coma. However, because of the roentgeno- 
graphic appearance and the inadequacy of 
the pathologic material we feel justified in 
classifying this as a probable osteogenic 
sarcoma. 

Case 21 is a tumor that roentgenograph- 
ically was typical of the chondrosarcomas, 
in that there was a very large tumor with 
very little calcification scattered in large 
flecks as is often seen in that condition. 
However, after pathologic study it has been 
listed with the osteogenic sarcomas be- 
cause of the finding of direct tumor osteoid 
formation. According to Lichtenstein and 
Jaffe^^ true tumor bone or osteoid tissue is 
never found in chondrosarcomas, and Ge- 
schickter and Copeland® describe true 
tumor bone as occurring m chondrosar- 
comas only next to the periosteum in the 
dense embryonal connective tissue strands 
dipping down from the margin of the 
tumor. This tumor might readily have been 


amination here, he was re-examined in another 
hospital and finally went to Memorial Hospital 
in New York where extensive roentgen therapy 
was given. He later returned here, and meta- 
static lesions were demonstrated in the lungs in 
October, 1932. He died in this hospital on 
April 6, 1933. Autopsy was not performed, but 
a specimen from the lesion of the shoulder was 
obtained for examination. 

The only roentgenogram available at this 
time was made shortly before the death of this 
patient. It shows a destructive lesion of the 
upper end of the left humerus with a large soft 
tissue tumor containing many flecks and de- 
posits of calcium. There is no evidence of 
sclerosis, but periosteal reaction can be seen 
below the tumor (Fig. 17). As this tumor had 
been followed from a very early stage, it was 
thought to be Ewing’s sarcoma, but, on tlic 
basis of the first examination only, it could 
easily be confused with a chondrosarcoma, siic/i 

as Case 12. . 

Sections of the tissue obtained postmor.cr 
for histopathologic examination showed a u- 
mor of solid cords of moder.ate y large cells -ith 
he.-.vily st-iincd nuclei and lutlt cytopl.'.sm. 



Voi . !:4, No. 


Osteogenic Sarcoma and Chondrosarcoma 


251 


There are few intercellular fibrils and no tumor 
bone or cartilage. Although this examination is 
fragmentary, because of this appearance and 
because of the initial response of the tumor to 
roentgen therapy, this is classified as a Ewing’s 
tumor. 

Case 23. J. K., male, white, aged sixty, was 
admitted on July 2.5, 1927, complaining of pam 
in his left knee of three months’ duration. Vari- 
ous types of physiotherapy had been ineffectual 
elsewhere in relieving his pain. The diagnosis of 
osteogenic sarcoma was made by roentgeno- 
graphic examination. He was given high voltage 
roentgen irradiation to the leg with immediate 
relief of pain, but was then transferred to the 
Philadelphia General Hospital. He died there 
on November 22, 1927. At postmortem exami- 
nation a carcinoma of the prostate was found 












Fig. 17. Case 22. Ewing’s tumor in a late stage. This 

t,eri^.t^ considerable 

periosteal proliferation, destruction of the cortex 

and a pathological fracture. Note the simihrih- 
between this and Figure 9S. s™’»antj 


Fig. 18. Case 23. Metastatic carcinoma from the 
prostate gland showing radiating spicules of bone. 

on histopathologic examination, although it 
was not suspected from the gross appearance of 
the gland. This had given rise to multiple bony 
metastases, including those to the right femur.^ 
Roentgenologic examination showed involve- 
ment of the lower two-thirds of the femur 
with a diffuse periosteal osteoblastic process 
with coarse radiating spicules covering almost 
the entire length of bone. The shadow of the 
cortex was preserved in spite of moderate de- 
struction which could be seen in the over-pene- 
trated fihns. Later when roentgenograms were 
made of the lumbar spine and pelvis it was seen 
that there were diffuse osteoblastic metastases 
in those regions (Fig. 18). 

white, aged twenty- 
seven, was admitted on August 24, 1940 coni 

Oration °Th“'" "'“ks’ 

eion nt in that re- 

gion. Her blood count was normal. On August 
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I'lG. 39. Case 24. OsteomyeJitis, showing hone de- 
struction with some new bone formation. This 
shows no radiating spicules of bone, but the perios- 
teal bone formation appears to come from the re- 
gion immediately adjacent to the area of destruc- 
tion. 


tumor q an early priniarv 1,0/,^. 

that th examinations have 'shown 

that the le.s,on ,s disappearing (Fig. 20). 



I'lG. 20. Case 25. Periostitis, showing radiating 
spicules. (See footnote to Case 2t.) 


26, 1940, an amputation was done above the 
mid-thigh level after a frozen section diagnosis 
of sarcoma was made. This woman is still living 
and well. 

Roentgenologic examination showed an area 
of bone destruction in the middle of the shaft 
of the right femur w'ith some new bone forma- 
tion, but without striation. There tvas no per- 
iosteal lipping and none of the signs described 
as t5'^pical of osteogenic sarcoma was present. 
However, the original roentgen diagnosis wms 
probable osteogenic sarcoma, and biopsy was 
suggested (Fig. 19). 

Careful review of the histopathologic sec- 
tions shows nothing that might be interpreted 
as evidence of malignancy. The findings arc 
those of chronic .suppurative osteomyelitis. 

Case 25. J. G., male, white, aged .seventeen, 
was first seen by us on November 29, 1942, at 
which time he gave a history of pain in his left 
knee for a year, which w'as preceded by being 
kicked below the knee by a mule. Roentgeno- 
grams were made and the tibia was biopsied. 


'The pathologic exnminution of the tissue re- 
moved at biopsy showed a nonspecific perio'- 
titis with considerable fibrous tissue produc- 
tion but w'ithout any suggestion of tumor. The. 
has been confirmed by the subsequent chniail 
course of the patient who is recovering without 
specific treatment of any kintl.’' 


Case 26. W, C., male, white, aged lhiriy-tv,'n, 
svas admitted on .April 22, t9.)0, with a history 
of pain in the right arm with enlargement fr>r 
four months. Pathologic fr.icturc had occurred 
in January, 1930. On .April 23, .a teyectmn o\ 
the lesion was carried out anti the gap w.-o 
bridged by a bone graft from the fibul.'!. A 
.similar lesion of the right ulna was removed a'. 


' Since tht' jisj-er vva<L ^ulirniOoi .in i t^r 
iiis first a.'imi'.'ion, rfii« ystient wjt cfidire; 
jnvoU'ine the !eft b r ph r.r.tc'’- 7 1 ' 

and pathof«'ic exa.-ninKtjr.ri fccrainl a r.'"',' 
r,r "Ew,tn-/S Jn addiof-r-. 

infoTC i.h .finr a'h'r:i''.O.r. hn'c t! r j’ sfief t 


. 5 , r, , .J 

' r-.-O 


.» S'; 


srr ! ' r 


kMwn srnf!<nint of irra.iiatisn 

after refuti-.e hi-ic 

case as I.v-inz'f tur-.orrtf tf r f:h;r r 'Oil 
tvmph rci^fet. tf.it fS ' orr ' 

tridicjted pst.Vj''V!r i-nte "e oi-j' t- 
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the same time. He was last seen in jMay, J943 j 
at which time he was living and well. 

The roentgen examination showed an ex- 
panding, destructive, fusiform lesion of the 
middle of the humerus with a pathologic frac- 
ture. There was no sclerosis or periosteal pro- 
liferation, There was a cup-shaped lesion on one 
side of the ulna (Fig. ai). 

The histopathologic examination after re- 
moval showed large areas of partially organiz- 
ing hemorrhage and many blood-filled vascular 
channels, usually of capillary size but occasion- 
ally having smooth muscle in their walls. The 
tumor was diagnosed as a hemangioma. 


COMiME.NTS ON DIAGNOSIS 


From this entire series of cases several 
important points in the diagnosis of lesions 
ol bone can be made. First, we believe that 
it is worth tvhile to restate the fact that 
perpendicular striations are not character- 
istic of osteogenic sarcoma alone. In this 
small series tve have seen them in chondro- 
sarcoma, periostitis and metastatic carci- 
noma. In the latter case the carcinoma was 
primary in the prostate gland. Bone me- 
tastases from prostatic carcinoma as w'ell 
•IS from some carcinomas of the gastro- 
intestinal tract and benign hemangiomas 
of bone may show the perpendicular stria- 
tions. 


^^e have made an effort to differentiat 
the type of spicules produced by osteogeni 
sarcoma and chondrosarcoma and have in 
eluded illustrations of each type. Howevei 
the striations produced in Case 25'', thatc 
traumatic periostitis, are quite similar t 
tliose of osteogenic sarcoma, and to us i 
appears impossible to distinguish betw'eei 
these two roentgenologically or clinicallv 
ns appearance can be produced by air 
iiyury m which the periosteum is elevatec 
amt there is hemorrhage beneath it bu 
« liere some of the vertically arranged blow 
.•essels remain mtact, as is the case whe, 
boi.e IS operated upon. Therefore, care mus 
\eriised m the interpretation of tin 
Mgnificance of perpendicular spicules sur 
rounding bone observed in roentgenogram 
olnamed .r neck to ten days folLiifg op 


* Stc fmtmr.e to Case 



Fig, 21. Case 26. Hemangioma of bone show’ing a 
locnlizcd nrcti of expansion of the cortex with de- 
struction, which might be mistaken for osteolytic 
osteogenic sarcoma. 




ate LllC aim- 

culties developing from the fact that some 
cases of osteogenic sarcoma have roentgen 
patterns typical of chondrosarcoma, and 
vice versa. The case of Ewing’s tumor pre- 
sented as Case 22 could easily be confused 
witJi chondrosarcoma. Sw^enson^^ has re- 
cently stated that the only characteristic 
feature of Ewing’s tumor was destruction 
of bone, wdiich all cases exhibit, but that 
lere w'as no pathognomonic feature. This 
supports the contention that before radical 

S? 1 instituted, -biopsy 

ould be done,o and we believe-'that if 
clinical and roentgen examinations do not 

tile pathologist should have the benefit of 
die best possible sections instead Xving 

s dl?"d If frozen section 

S Gone and the findings are in the sliehtec;!- 

walt^rnSr' ^^H ' then the surgeon should 
good paraffin sections can be 
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made and studied. In Case 24 a leff was irradJnMnn ; u 
sacrificed because of an error in diagnosis on thafrecommeSed bv th'T """ 
frozen section, and a too hasty procedure to Ferm,!^ > Accordinc 

might haye had the same resulfin ase “;! ™r Ta” o^r’ 

An arm might have been needlessly- ampu- undertheheadineofS^^'*"™"”* 
rated in Case z6 if the surgeon had not been Of ttse 9 afe f aTof 
sure enough that he was dealing with a be- mediate” amVuTat in ,famX 
nign tumor from the gross appearance. with metastases and’the ninl f.) 
, The need for a skeletal survey in all cases immediately following amputatim in an 
of suspicious bone faon ,s illustrated by other hospital. Two of these patientrwem 
ases 18 and 23. The former was called aged forty years; i had a tumor of the 
metastatic carcinoma at the first examina- scapula (Case 5); the other had a tumor of 
tion, but if a survey had been done and no the femur and is listed with the atypical 
other lesion found and if a careful clinical cases (Case 19). The ages of the others 
and roentgenologic search had been carried ranged from thirteen to twenty. As we have 
out for the primary site and none found, mentioned this is a small series, but it indi- 
the diagnosis of primary bone neoplasm cates that immediate amputation was not 
possibly would have been reached sooner, the answer to the problem of treatment in 
In the latter case a skeletal survey would these patients. While we have no patients 


have revealed other metastatic foci. We do 
not mean to infer that all metastatic tu- 
mors are multiple or that the primary 
growth can be found in all cases, although 
that is often true, as it was in Case 23. 


in whom amputation was delayed more 
than three months, the results reported by 
McNattin^’ are far superior to those we can 
show. 

The results at Memorial Hospital in New 
York with preoperative irradiation are not 
as striking, but Coley and PooP report 34 
It is obvious that 9 cases of any disease per cent five year survival with irradiation 
is not a sufficiently large series from which followed by radical surgical treatment as 
to derive any percentage statistics as to opposed to 31 per cent with radical surgery 
methods of treatment, but from our 7 cases alone.® However, they did not use as heavy 


•CLINICAL COURSE 


of typical osteogenic sarcoma and 2 cases 
which were diagnosed pathologically as os- 
teogenic sarcoma but considered roent- 
genologically to represent other groups, all 
are dead, the longest survival being twenty- 

nine months in Case 20, one of the atypical ^ 1 j 

group. With the exception of Cases z, J, ble reason for the improved end-results 
fnd 6 all of these patients had immediate associated «-.th delayed amputation Co cy 
Mutation or excision of the tumor. Case and Pc»rs fipres support Ferguson s prin 
z M a delav of three months in which he cipai thesis but they disagree with him in 


dosage nor delay for as long a time as Mc- 
Nattin.^^ CoJey and Pool's cases include 
chondrosarcomas and periosteal fibrosar- 
coma and McNattin includes at least one 
fibrochondrosarcoma. 

Ferguson' has amply discussed the possi- 


considering that the length of delay corre- 
sponds with the relative degree of malig- 
nancy. Specifically', they agree with Cope- 
land^ that the tumors of lower grades of 
malignancy'' are those in which treatment is 


was given a moderate amount of irradia- 
tion. Case 5 had a delay of two months m 
an attempt to give irradiation, but since it 
was not well tolerated only a very siuall 
amount was dven, and Case 6 had irradia- 

tion for one month. While *5 is the j,, ^„rly rmputa- 

;Sd“ *.5." » 3X <■ "• c-f' ' ' ■■■" 



Osteoeenic Sarcoma and Chondrosarcoma 


255 


sarcoma and i doubtful case, ail ^^ith 
complete follo%v-up, 4 are alive and without 
evidence ot disease at the time of this re- 
port. Two of these cases (Cases 10 and 11) 
have been treated too recently for evalua- 
tion (one year and three months, respec- 
tively). 'Fhe other a cases have survived 
cieht and six years (Cases 8 and 9). These 
4 cases were treated surgically, the 2 with 
long survivals by amputation and the a 
with short survivals, both tumors of ribs, 
l)v resection. )n 2 of the remaining 8 cases, 
there was no attempt at treatment other 
than biopsy and 1 other patient received 
irradiation and Coley’s toxin, but no radi- 
cal surgical treatment (Case 12), The re- 
maining 5 patients were treated surgically, 
either by amputation or excision. In all 
()f tile treated fatal cases metastases oc- 
curred within a year after the initial treat- 
ment of the lesion. .Although the percentage 
of survivals means little in a series so small, 
it seems significant that all of our living 
patients with malignant bone tumors, in- 
cluding 2 patients surviving six and eight 
years, had chondrosarcoma. 

’rile tumor of one of our long surviving 
cases is probably secondary to a pre-exist- 
ing cnchondroma, and this may also be true 
n} the 2 cases of rib tumor recently treated. 
Among the patients who failed to survive, 
2 had chondrosarcomas developing in the 
cartilaginous cap of osteochondromas and 
1 iiad chondrosarcoma secondary to local- 
ized Paget’s- disease of bone, With one ex- 
ception (Case 9), these secondary chondro- 
sarcomas occurred in individuals past the 
age of thirty. One apparently primarv 
chondrosarcoma occurred in a patient aged 
thirty-six and one in a patient over fifty 
years of age (Case 1 8). 

SUMMARY 

A series of cases of osteogenic sarcoma, 
chorulrosarcmna and other bone lesions 
seen in tlic Hospital of tlic Unirersitv of 
Pennsylvania since January 1, 1931,'has 
been reviewed. There were 7 cases of osteo- 
yenie sarcoma. 1 1 cases of chondrosarcoma, 
and 3 cases in whicii the roentgen and path- 


ologic diagnoses were at variance. We have 
also included 5 cases which might be con- 
fused with these conditions. There is a 
characteristic roentgen pattern for each of 
these groups, but enough cases differ from 
this to make us feel that the diagnosis can- 
not be made from the roentgen examination 
alone. As benign conditions may simulate 
malignant tumors the patliologist should 
have the best possible material on which to 
base his diagnosis. Every case presenting a 
bone lesion of this txyie should have a 
roentgen survey of the skeletal system to 
determine the presence of other lesions. 

All of the patients with osteogenic sar- 
coma were treated by immediate amputa- 
tion and all died, the longest survival being 
twenty-nine montlis. Four cases of chon- 
drosarcoma survive, one for eight years and 
one for six years. The other 2 cases were 
treated within the last fifteen months. Be- 
cause of the differences in clinical course 
and survival rate, we are in agreement that 
these two groups of tumors should be 
separated, as recommended by the Bone 
Tumor Registry of the American College of 
Surgeons. 

® CONCLUSIONS 

1. The diagnosis of the patliologic type 
of malignant bone tumor cannot be made 
with certainty from the roentgen examina- 
tion alone. 

2. Benign conditions may simulate 
malignant bone tumors. 

3. In order to make as many correct di- 
agnoses as possible, one should do a com- 
plete skeletal survey in every case of bone 
lesion which is suspected of being malig- 
nant, and the material submitted to the 
pathologist as a biopsy should be repre- 
sentative of the tumor. He should be al- 
lowed adequate time to make and study 
paraffin sections if there is any doubt about 
the nature of the lesion. 

4. The problem of treatment of malig- 
nant bone tumors in general and of osteo- 
genic sarcoma in particular has not been 
solved. 

34<X) spruce Street 
Phiiadelphia, Pa. 
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TERATOMA OF THE TESTIS 

REPORT OF SIXTY-FIVE CASES* 

By MAJOR JOHN L. EARNER 
Medical Corps, Army of the United States 


S IXTY-FIVE cases of teratoma of the tes- 
tis have been observed and treated 
widrin the past tiiirty-diree months at an 
Army general liospital This is a percentage 
of 0.315 for hospital admissions, 2.62 per 
cent for all cases admitted to the Genitour- 
inary Service and 7.86 per cent for all cases 
of malignancy. This frequency is relatively 
high, and constitutes one of the more com- 
mon class of tumors observed. It has been 
pointed out that for the year 1941, 7.2 per 


The etiology of these malignant tumors 
of the testis is not fully known but it is felt 
tliat tiie various factors which should be 
considered are heredity, abnormal devel- 
opment, sexual activity, trauma, occupa- 
tion, biochemical or endocrine changes, and 
infections. Of tliese the most significant is 
probably abnormal development, especially 
ectopic or undescended testes, which was 
present in only 3 of the cases observed. 

Another factor to be considered is tliat of 



Fig. I 


cent of all malignant neoplasms occurring 
in white personnel of the Army were tes- 
ticular tumors,^ and this is emphasized by 
our findings. 

These tumors have been reported as oc- 
curring most frequently between tire ages 
of twenty and forty years, altlrough pa- 
tients as old as eighty-four years” and in- 
fants as young as nine months® have been 
known to suffer from tire condition. The 
average age of tire 65 cases was twenty- 
eight ) ears and is within tire mean reports 
of otlrer autlrors. The distribution of inci- 
dence is shown in Figure i . 

Tire average occurrence ages for the vari- 
ous types of tunrors is given in Table i. 


trauma, which was mentioned in the his- 
tory of 21 cases, but whedrer die trauma in 
any case produced the tumor can be dis- 
puted, for it seems more apparent that the 
trauma in almost every instance called the 

Table I 

AVERAGE OCCURRENCE AGES FOR THE VARIOUS TYPES 
OF TUMORS 


Adult teratoma 

Age yr. 
27 

Teratoid (mixed) 

Rhabdomyosarcom a 

Adult malignant 

Embryonal 

0 0 

Adenocarcinoma 

A 

Embryonal carcinoma 

-u .4 

29.9 

25 

Fibroma 
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patient’s attention to the presence of the 
mass. 

The necessity for an early diagnosis in 
testicular tumors cannot be overstressed, 
wi the 65 cases treated there were 27, or 
41. 5 per cent, who were treated for condi- 
tions other than teratoma before the final 
diagnosis was suspected. These conditions, 
together with the number of cases of each, 
are given in Table 21. 

Table II 

Epididymitis ^ 

Orchitis 
Hydrocele 
Hematocele 

Abdominal mass (with operation and the diag- 
nosis suspected from the pathological report) 3 
Syphilis and gonorrhea (when the enlarged tes- 
ticle was noted during the course of treatment) 1 

Early diagnosis can generally be made if 
one remembers the most important fea- 
tures of the symptoms and signs. It must 
be recalled that tlie development of tliese 
tumors is usually insidious and that the pa- 
tient is not aware of the condition until it 


Sr, 




7 

6 


seryation is present among the cases of this 
senes, but is not so obvious as amona simi- 
lar cases in civilian practice, probably be- 
cause of the periodic and routine phvsica! 
examinations conducted for the control of 
diseases among the Armed Forces. Of the 
65 cases, 75.21 per cent received medical 
attention within the first year after tlic 
symptoms Were noted, and of tlicsc, 12. 53 
per cent were of one montli’s duratioiroJ 
less; 7.69 per cent were of nvo months’; 9.07 
per cent three months’; 10.76 per cent four 
months’; 1.53 per cent five months’; and 
7.69 per cent were of six months’ duration. 

The diagnostic signs of these tumors are 
few but significant and important, 'flic 
history and course of the condition may be 
suggestive — usually a progressiv^c enlarge- 
ment of the testicle, sometimes with pain 
but more frequently witliout ])ain. The 
testicular tumor generally involves flic 
testis by infiltration and invasion rather 
than by displacement, so that there is a 
tendency for the organ to retain its natural 
has existed for some time. By far the most outline, 'fhe testis is usually smooth and 
frequent symptom is painless swelling, freely moAMblc, and it is not until the ad- 
which was the case with 45 patients (69 per vanced stages of growth that it may show 
cent) of this series. Pain is a less common signs of being nodular or irregular and fixed, 
symptom and when present may be the re- A fixed mass may he accepted as one escap- 
sult of coincidental trauma, sudden growth ing its natural confines, and in these cases 
or extension outside the confines of the the scrotum is usually involved and there 
tunica. This symptom was noted in 14 is evidence of inguinal adenopathy, Itarly 
cases (21.5 per cent). In 6 cases (9 per cent) in the development of the tumor the te.sfi- 
the tumor was found on routine examina- cie is quite firm to stony hard, though c}S~ 
tions for other purposes, but these patients tic areas are not uncommon, prohabl)’ due 
recalled the sensation of a heaviness or to the rapid growth with the areas of focal 
dragging sensation within the scrotum, necrosis. Neuralgia or tenderness on exam* 
Symptoms referable to masses within the ination is not uncommon. The cord may he 
abdomen or adenopathy are indicative of thickened because of the increased weight, 
far advanced growth and should not be resulting in some engorgement of the yes- 

considered in the discussion of early diag- sels, but in nearly ^ ^ 

mis can i)c delineated. Jhe mass docs not 


nosis. 

The duration of symptoms before the pa- 
tient seeks medical attention is difficult to 
explain, especially since the organs are so 
prominently situated. Procrastination on 
the part of the patient to submit to exami- 
nation when he believes there might be a 
tumor is a handicap that can only be o\cr- 
come through medical education, ihis ob- 


transilluniinatc light. 

Differentiation must often he mnda from 
epididvmitis, hydrocele, hematorde, 
gumma, tuberculous ordmis ^ 
orchitis with filirnsis from other rau-.e.-.. 
Careful examination and routine dtmyaJ 
and laboraror^' studies ran usuaiiy diher- 
entiatc these conditions at an e.arly uair. 
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In tliose cases which offer any question of 
diacrnosis, we believe a surgical exploration 
is warranted rather than ppiration of tlie 
mass or delay for observation while tlie pa- 
tient is under palliative treatment. 

Of our series, 34 cases (52.3 per cent) had 
involvement of tlie right side, ^ 2.9 cases 
(44.6 per cent) were on the left side, and 2 
cases (3*07 P^r cent) were bilateral. This 
same degree of difference is noted by other 
authors and is explained on the basis of a 
greater frequency of undescended testis on 
the right side.*^ 

Any attempt at classification in this brief 


when a testicular mass is suspected or clin- 
ically diagnosed as being a tumor, tlie pa- 
tient undergoes an orchidectomy and re- 
moval of the cord witli accompanying 
structures high at the internal abdominal 
We believe tins operation of high 
removal is always indicated foi two rea- 
sons; namely, the removal of as much of 
tlie lymphatic tract as possible, and tlie 
comfort of the patient. So often tlie re- 
maining stub of the cord is not only a po- 
tential site for recurrences but is also ten- 
der and a constant source of irritation and 
discomfort which leads to future complaints. 


Table III 

COMPARATIVE TABLES 

Army Medical Museum Classification 
a I. Teratoma benign 3 


Ewing’s Classification 

1 . Adult embryoma or teratoma 

2. Embryoidj teratoid or mixed tumors. 


(a) Rhabdomyosarcoma i 

(b) Adult malignant teratoma i 

3. Embryonal malignant tumors 

(a) Adenocarcinoma 2.8 

(b) Embryonal carcinoma 33 

(c) Seminoma o 

4. Others 

(a) Fibroma i 


2. Teratoma malignant 


(a) Embryonal carcinoma 

33 

(b) Adenocarcinoma 

28 

(c) Seminoma 

0 

(d) Non-epithelial tumors 

(1) Rhabdomyosarcoma 

I 

(2) Fibroma 

1 


presentation would be inadequate. It is 
only necessari' to point out that we feel 
most present day classifications are inade- 
quate. Both Ewing’s classification and tliat 
of the xArmy Medical Museum have been 
used as a working basis. 

In reporting our results, we believe at 
this time that for all purposes, it is best to 
list the number of each type found patlio- 
logically according to these two classifica- 
tions. This is shown in Table iii. 

The treatment generally practiced at our 
hospital for these tumors is one of com- 
bined surgery and irradiation. Here, we be- 
lieve, lies the second most important factor 
for the patient s best chance of suridval, 
namely, early adequate operation, followed 
by sufficient irradiation, tlie first and most 
important factor being early recognition. 
By early adequate operation is meant that 


.As soon as it is felt advisable to move tlie 
patient after operation, as early as tlie 
third to fifth day, a course of external deep 
roentgen tlierapy is begun. 

Therapy is given with tlie following fac- 
tors: 220 kv. (G. E. Maximar), 15 ma., 
cm. target-skin distance, 0.5 to i.o mm. 
Cu plus 1.0 mm. A1 filter (half-value layer, 
0.9-1.35 mm. Cu), 47 to 32 r per minute 
(measured in air). 

The course of irradiation, as given here 
in all^ our cases, depends upon (i) tliose 
cases in which no metastases are found at 
any time, and/or in which the duration of 
symptoms is six montlis or less; and (2) the 
presence of metastases before operation or 
before treatment, and on duration of symp- 
toms over six montlis. 

In those cases falling witliin group (i) of 
no metastases, the portals of treatment are 
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directed over the operative site (including 
the scrotum and femoral triangle), over the 
mid-abdomen, epigastrium, and poste- 
riorly over the upper sacrum and abdomen, 
and flanks (Fig. 2). 

Those cases in which metastases are sus- 
pected or are known to be present, group 



Fig. a. Patient without metastases. 


Barner . 

Si ! T! 

The most frequent complicarion of treat- 
ment js irradiation sickness. .Anotiier facmr 
observed is the patient’s general constitu- 
tional toleration first evidenced probably 
by signs of leukopenia. Tie complications 
are all treated by more or less conventional 
methods, based upon supportive care. 

Upon completion of treatments all }>a- 
tients are carefully checked for evidences 
of metastases or recurrences, and wJicn 
maximum hospitalization has been reached 
each case is presented for disposition. 

The most earnest attempts are made to 
follow the.se patients. Ttis is often done 
directly between the patient’s referred or 
family physician, veterans’ facilities, or the 
information is obtained from the patient 

Dear .Sir: 

I would appreciate liearing from you on your 
present condition. It is necessary that 1 have a ful- 
low up on cases treated that others in the future 
might be benefited from any information you can 


(2), the fields are the same as tliose used in 
group (i) with the addition of a lateral field 
to the abdomen, anterior and posterior 



Fig. 3. Patient with known metastases. 


chest fields, and usually another field over 
the left supraclavicular region (Fig. 3)- 
In both outlines of treatment, the daily 
amounts of radiation (no treatments given 
on Sunday) are 200 to 250 r to each of two 
fields, in rotation, until a total of 1,600 to 
2,000 r per field ims been admim.stercd. 


give me. 

I. Have you niainudncd your weight.^ 

1 . Do you have any complaints—fcmigh, pain, en- 
larged glands) ? If yes, please explain. 

3. Has there been any recurrence of tannini- at the 
spots where you received X-Uny 'I’iiernpyt 

4. Do you have any difficulty in elimination r 

5. Arc you receiving frcipicnt check-up exaiuina- 
tionsr If yc.s, please give the name and addres'; 
of your physician, 

.Sincerely, 

M.ajor, .M. C. 

P.S, — You may use this sheet for reply. 

Fig. 


mself til rough correspondence wit)) a 
rm letter (Fig. d)- 

To the best of our knowiciige, we have 
.d only 7 deaths in the last rhirty-tlirce 
Diiths among the 65 cases treafcd, A h 
imher are returning for additional roent- 
n therapy or inform us ofcomjdatn;;- vary- 
2 all rhe'wa)' from Joss ol weight, cous'h, 
d weakness to vague abdomtnni ••yJiip- 
ms. The majority of these patients me 
parcntly well and have returned, to a 
lec-carning civilian life. 




VoL. 54, No. 3 


Teratoma of the Testis 


261 


SUMMARY 

1. Sixty-five cases of teratoma of the 
testis have been followed witliin tlie past 
thirty-three montlrs. They were found to 
occur in individuals at the average age of 
twenty-eight years. ^ 

2. Early diagnosis is the most important 
factor in a high survival rate and cannot 
be overstressed. Of the cases, 75*-3 P®*" 
cent received medical attention within the 
first year after the symptoms were noted. 

3. The most important diagnostic sign 
is painless swelling of the testicle with a 
tendency for the organ to retain its natural 
shape and outline. 

4. Treatment should be early and ade- 
quate, relying upon surgery and postopera- 
tive irradiation. Surgery includes not only 
an orchidectomy but removal of the cord 
high at the internal abdominal ring. 

5. Irradiation is given early postopera- 
tively and is outlined depending upon the 
duration of symptoms and presence of 
demonstrable metastases. 

6. Follow-up shows that 72.3 per cent of 
these 65 cases have replied to correspond- 
ence; 10.7 per cent of the total number of 
cases have died. 

CONCLUSION 

It is believed that this plan of treatment, 
orchidectomy witlr postoperative irradia- 
tion, is superior to orchidectomy or irradia- 
tion alone. 
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DISCUSSION 

Dr. Walter C. Popp, Rochester, Minn. I 
wish to congratulate Major Earner for his 
excellent paper on teratoma of the testis. He has 
emphasized the necessity of early diagnosis and 
has pointed out the possibility of incorrect 
diagnosis and the inadequacy of present classifi- 
cations of testicular tumors. I think all of us 
have difficulty in trying to place the various 
testicular tumors in certain categories. 

At the Mayo Clinic we use as a working basis 
a rather simplified classification of tumors of 
the testis which seems to be workable from a 
clinical standpoint. This classification briefly 
consists of 

1 . Seminoma or adenocarcinoma of Chevassu, 
grade 4; 

2. Adenocarcinoma, grades i to 4; 

3. Teratoma; 

4. Mixed seminoma and teratoma, and 

5. Unusual testicular tumors such as fibro- 
sarcoma. 

Our statistics are based on results in the in- 
dividual groups, and the range of sensitivity to 
irradiation is in keeping with the pathologic 
classification. In other words, seminoma is most 
sensitive; adenocarcinoma moderately sensi- 
tive; and teratoma, and mixed seminoma and 
teratoma are least radiosensitive. 

The general plan of treatment recommended 
by Major Earner is much the same as that 
which we follow in the handling of testicular 
tumors. There are two exceptions to his general 
plan. First, we irradiate the abdomen through 
four anterior and four corresponding posterior 
fields, the mediastinum through anterior and 
posterior fields and the left supraclavicular re- 
gion through one field. These fields are used re- 
gardless of whether metastatic involvement is 
found. Second, we use voltages in the range of 
130 kv. rather than in the range of 200 kv. 

_ As Major Earner has pointed out, the pos- 
sibility of cure is greater in those cases of testic- 
ular tumor in which early diagnosis and 
surgical removal are followed by thorough 
roentgen treatment as soon as feasible after 
operation. 



atypical ESOPHAGEAL DISPLACEMENT WITH 
LEFT atrial DILATATION* . 

WITH NOTES ON RHEUMATIC AORTITIS 
By BERNARD S. EPSTEIN, M.D. 

BROOKLYK, NEW YORK 


'^I^ISUALIZATION of the esophagus with 
barium paste is necessary for examining 
the left atrium and the aorta in cardiac 
roentgenoscopy. Normally the barium-filled 
esophagus appears as a straight tube behind 
the trachea, indented on its left antero- 
lateral aspect by the transverse thoracic 
aorta and immediately beneath by the left 
main bronchus and the pulmonary artery. 
The aortic indentation in the esophagus is 
called the ‘aortic bed,’’ and the normal 
diameter of the transverse thoracic aorta 
at this level is approximately 3 cm. The 
esophagus then proceeds straight down, 
sloping slightly forward and to the left in 
front of the descending thoracic aorta and 
behind the left atrium to the diaphragmatic 
hiatus. Usually the lowermost part of the 
left atrium cannot be differentiated roent- 
genologically from the subjacent small por- 
tion of the right atrium. The esophagus 
maintains its relationship to the aorta by 
its adventitial coat of loose areolar fibrous 
tissue which merges with the aortic ad- 
ventitia. 

By far the most common cause of left 
atrial enlargement is mitral valve disease. 
Left atrial enlargement usually produces an 
impression in the esophagus which roughly 
parallels the degree of its dilatation. The 
first manifestation may be but a slight 
concavity in the esophagus visible only in 
the right anterior oblique projection. This 
may precede any change in the frontal pro- 
jection of either the heart or the esophagus.’ 
As enlargement progre.sses the arcuate im- 
pression m the barium-filled esophagus in- 
creases, concomitant w'ith deviation of the 
esophagus towards the right in the later 
stages. By this time teleroentgenographic 
examination may show the classical changes 


in the heart contour associated with mital 
valve disease. 

The roentgenologic appearance of the 
esophagus due to left atrial enlargement 
seen in the right anterior oblique projection 
may be simulated by the esophageal dis- 
placement due to aortitis accompanvinu 
hypertension and arteriosclerosis in elderly 
individuals. This occurs w'hen there is suf- 
ficient elongation and tortuosity of the 
aorta and is best demonstrated in patients 
with kyphosis of the thoracic spine. 
SchwedeP'^ pointed out that a diagnosis of 
left atrial enlargement should not be made 
in these patients without first examining 
them in the posteroantcrior and left an- 
terior oblique positions. If the esophageal 
displacement is due to aortitis the curva- 
ture will be to the left and posteriorly, 
closely following the transverse and de- 
scending thoracic aorta, wliilc left atrial 
dilatation shifts the esophagus posteriori}' 
and towards the right. 

Rigler^^ also mentioned the effect <ir 
aortitis on the position of the esophagus 
and discussed it.s application to the diag- 
nosis of aortic aneurysm. We have re- 
peatedly confirmed his ohservTttions as to 
the displacement of tlic esophagus iiy 
aneurysms of the transverse and descending 
thoracic aorta, and have also noted that in 
some patients with rclativ'cly early sypliilit- 
ic aortitis lacking convincing cliange in 
the frontal configuration of t)ic aortic arch 
there may he a deepening of the aortic bed 
by the .slight posterior displacement of tne 
e.sophagus as itpasscs the transverse thor-at- 
5c aorta. Tliis mar he confirmed by exaniL 
nation in the left anterior oblique jyiMtion, 
which shows apposition of the csopiingm, to 
the posterior inferior p<')rtion of the tr.air-.- 
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verse thoracic aorta. The reason for this 
change we believe may be s)T3hilitic aortitis 
resulting in aortic-eosphageal adliesions. 
We regard this observation as a possible 
aid in'^the diagnosis of early s^’philitic 
aortitis, and worthy of further study. As a 
rule, the amount of esophageal displace- 
ment with s}T)hilitic aortitis is insufficient 
to present any difficulty in the differential 
diagnosis of left atrial dilatation 
One etiologic agent which may result in 
aortitis in children and adolescents as well 
as in adults is rheumatism. Rheumatic 
aortitis was first clearly described by 
Ivlotz" and was further investigated by 
Pappenheimer and VonGlahn^® and by 
Gross.^ Boyd^ commented that there was 
little doubt that rheumatic aortitis occurred 
in nearly every if not every case of rheu- 
matic heart disease. Changes due to 
rheumatism have also been described in the 
coronary and pulmonary arteries and the 
peripheral circulation 

As a rule, the histopathologic changes 
from rheumatic aortitis are less marked 
than those associated with other forms of 
aortitis. Gross inspection of the organs may- 
show only slight changes, but micro- 
scopically a well marked picture frequently 
presents itself. Flame-shaped scars have 
been described as common in the media, 
particularly about the nutrient vessels. 
These cicatrices are dense and acellular 
and have been interpreted as healed or 
healing lesions. Aschoff bodies and isolated 
Aschoft' cells have been identified in the 
adventitia and the media.® Intimal changes 
comparable to those described in the left 
atrial endocardium by MacCallum® have 
been reported by Pappenheimer and Von- 
Glahn. These consist of small, glistening, 
translucent ridges or plaques, either round 
or oval in shape, which are pale brown in 
contrast to the dullj opaque orange-yellow 
atheromatous lesions or the gray, glisten- 
ing, wrinkled plaques of syphilitic aortitis. 
In arrangement and staining reaction the 
cells which form the plaques are identical 
with those so characteristically present in 
the atrium. The medial lesions encountered 


under the plaques are diffuse. The most 
striking change is a complete loss of muscle 
cells ov’-er large areas so that only the col- 
lagen and elastic fibers persist. Actual rup- 
ture or fragmentation may be seen in 
places. Towards the outer third of the 
media perivascular lesions having the cliar- 
acteristics of Aschoff bodies may' be pres- 
ent.’- In the adventitia a diffuse increase in 
the connective tissue has been described 
with hyalinization, thickening of the walls 
of the small arteries and arterioles and ec- 
centric thickening of the veins.- Acute 
inflammatory' changes have also been re- 
ported in the adventitia.’^ 

No mention is made of aortic-esophageal 
adhesions in the reports reviewed. Never- 
theless, the presence of an inflammatory 
reaction in the adventitia indicates the 
probability' of such adhesions. In this way- 
rheumatic aortitis when sufficiently' exten- 
sive may result in the same aortic-esophag- 
eal adhesions as occur with hypertensive, 
arteriosclerotic or syphilitic aortitis. In the 
event that these adhesions are sufficiently 
strong before left atrial enlargement takes 
place, it might be anticipated tliat subse- 
quent dilatation of that chamber would not 
deviate the esophagus in the usual manner. 
This, then, would be one circumstance in 
which left atrial enlargement would not be 
accompanied by' the expected displacement 
of the esophagus posteriorlv and to the 
right. 

During the past eight years w-e have en 
countered 6 patients wfith rheumatic mitral 
and aortic valve disease \vho had left 
atrial enlargement of an advanced degree 
w'ithout the expected pattern of esophageal 
deviation. During this time over 3,000 pa- 
tients were examined roentgenoscopically, 
and approximately one-third of them had 
organic heart disease. Roentgenoscopically' 
and roentgenograpliically- there wms no 
doubt as to the posterior bulge of the left 
atrium and its approach to the right cardiac 
border. The barium-filled esophagus was 
displaced posteriorly and to the left in the 
6 patients reported here, so that its shadow 
in the right anterior oblique position pre- 
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Fig, 1. Case i. A, teleroentgenogram show- 
ing marked cardiac enlargement and 
deviation of the barium-filled esophagus 
to the left. R, right anterior oblique 
roentgenogram of the esophagus reveal- 
ing posterior bulge of the left atrium. 
The esophagus passes well in front of the 
posterior margin of the left atrium. C, 
left anterior oblique roentgenogram of 
the esophagus showing posterior displace- 
ment of the esophagus which is in contact 
with the posterior portion of the trans- 
verse thoracic aorta and the descending 
thoracic aorta. 


sen ted as a relatively straight line passing 
well in front of the left atrial bulge. 

The youth and clinical history of 3 of 
these eliminated hypertension, arterio- 
sclerosis or syphilis as the etiologic factor 
for the aortic-esophageal adhesions. The re- 
maining 3 were adults who presented 
classical pictures of advanced rheumatic 
heart disease with mitral and aortic valve 
involvement. 


REPORT OF CASES 

Ca.se I. G. Y., male, aged ten, had rheumatic 
fever at the age of five yeans. Cardiac involve- 
ment appeared one year later. Since then he ha.s 
had several episodes of rheumatic activity 
with congestive heart failure requiring pro- 
longed bed rest and diuretics, '/here were fre- 
quent brief attacks of precordial pain and 
orthopnea. His activity bad to be markedly re- 
stricted at all times. 


At)T)ical Esophageal Displacement 


Physical examination revealed the heart to 
be enlarged to the left. The heart sounds were 
rapid, of fair quality, and regular. Blowing 
systolic and diastolic murmurs were present 
over the entire precordium. Blood pressure was 
jx^/o. The radial pulse was of the Coriigan 
type and pistol-shot sounds \yere heard over the 
femoral arteries. Electrocardiographic examina- 
tion revealed the auriculoventriculai conduc- 
tion time to be 0.22 second. 

Roentgenoscopic and roentgenographic ex- 
amination of the chest showed considerable 
cardiac enlargement with straightening of the 
pulmonary artery and conus segment of the left 
heart border. The aortic knob was inconspicu- 
ous, but the aortic pulsations were increased in 
amplitude. The left ventricle was enlarged 
downward, posteriorly and to the left. Con- 
siderable anterior prominence of the right 
ventricle was present. 

The barium-filled esophagus was drawn pos- 
teriorly and to the left as seen in the antero- 
posterior and left anterior oblique views. In the 
right anterior oblique position there was a 
marked posterior bulge of the left atrium. The 
barium-filled esophagus passed in front of the 
left atrial bulge as a relatively straight line. 

Comment. Even though there was 
marked left atrial dilatation the barium- 
filled esophagus \vas shifted posteriorly and 
to the left, closely following the transverse 
and descending thoracic aorta. The most 
satisfactory explanation for the atypical 
position of the esophagus in this case would 
be the presence of rheumatic aortic- 
esophageal adhesions w^hich prevented the 
expected esophageal displacement. 

Case ii. S. B., male, aged nine, had rheumatic 
fever at the age of four years. An apical systolic 
murmur transmitted to the axilla was heard at 
that time, and prolongation of the auriculoven- 
triculai conduction time to 0.22 second was 
found on electrocardiographic examination. One 
year later he had a second episode with joint 
pains, epistaxis and precordial pain. Double 
mitral and aortic murmurs were heard at that 
tune. He required hospitalization for about 
eight months. One year after his discharge he 
was again hospitalized because of episgastric 
pain, precordial pain, vomiting, fever and in- 
creasing pallor. Classical findings of double 
mitral and aortic valve disease were found on 


examination. The blood pressure then was 
110/50. 

Roentgenoscopic and roentgenographic ex- 
amination of the chest revealed marked enlarge- 
ment of the left ventricle downward and pos- 
teriorly. The right ventricle was enlarged an- 
teriorly. The pulmonary artery and conus arc 
of the left heart border was convex, and the 
aortic knob was small. The left atrium was 
markedly enlarged posteriorly, and protmded 
far into the posterior mediastinum as seen in 
the right anterior oblique position. On an over- 
penetrated posteroanterior teleroentgenogram, 
the left atrium could be seen close to the right 
heart border. The barium-filled esopha^is was 
displaced to the left and posteriorly in close 
proximity to the aorta, and in the right anterior 
oblique position was seen to pass w'ell in front 
of the bulge of the left atrium. The pulsations 
of the heart and aorta were exaggerated, and 
the increased amplitude of pulsation was re- 
flected in the motions of the esophagus observed 
roentgenoscopically. 

Comment. The atypical position of the 
esophagus in the presence of advanced left 
atrial dilatation may best be ascribed to the 
presence of rheumatic aortitis and aortic- 
esophageal adhesions. 

Case ni. H. B., male, aged seventeen, first 
had rheumatic fever at the age of eleven years, 
w'ith migratory joint pains, followed by dysp- 
nea, palpitation, fever and precordial pain. He 
required hospitalization for several months and 
following this was able to get about with 
moderate restriction of activity. 

Physical examination revealed a heaving 
apical impulse in the sixth left intercostal space 
in the anterior axillary line. Loud blowing 
systolic and diastolic murmurs were heard over 
the apex and base of the heart. The blood pres- 
sure was 160/80. 

Roentgenoscopic and roentgenographic ex- 
amination of the heart revealed advanced car- 
diac enlargement with straightening of the left 
cardiac border. The left atrium was markedly 
dilated, protruding far into the posterior 
mediastinum and extending toward the right 
to form the upper two-thirds of the right heart 
border. The barium-filled esophagus was shifted 
to the left and posteriorly in close proximity to 
the aorta. The aortic knob was small, but its 
activity observed roentgenoscopically was hec- 
tic and the motion was transmitted to the 
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Fig. 2. Case ii. A, overexposed tclcroent- 
genogram revealing marked enlargement 
of the heart. The upper two-thirds of 
the right heart border is formed by the 
left atrium. The barium-filled esophagus 
is drawn to the left. B, right anterior 
oblique roentgenogram of the esophagus. 
The esophagus passes in front of the 
bulge of the enlarged left atrium. C, left 
anterior oblique roentgenogram showing 
posterior displacement of the esophagus. 
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esophagus. There was elevation and slight 
compression of the left main bronchus. 

Comment. The atypical. position of the 
esophagus in the presence of advanced left 
atrial dilatation suggests the presence of 
aortic-esophageal adhesions. 

Case iv. R. W., female, aged thirty-four, 
first had rheumatic fever at the age of twenty- 
four, and was informed of cardiac involvement 


four years later. Since then she has become 
progressively more dyspneic and has had 
several episodes of congestive heart failure. At 
first these were mild and responded readily to 
bed rest and digitalis. Later mercurial diuretics 
were required. She was admitted to the hospital 
in acute decompensation. The blood \Vas.ser- 
mann reaction was negative. 

Physical examination revealed the heart to 
be enlarged to the left. Long, loud blowing 
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Fig. 3. Case iv. A, teleroentgenogram 
showing diffuse cardiac enlargement. 
The left atrium forms the upper portion 
of the right heart border. The barium- 
filled esophagus is drawn to the left, 
right anterior oblique roentgenogram of 
the esophagus. The esophagus passes in 
front of the bulge of the left atrium. 
Note the anterior prominence of the right 
ventricle. C, left anterior oblique roent- 
genogram showing posterior displace- 
ment of the esophagus. 


systolic and diastolic nrurmnrs were heard over 
the entire precordium. The liver was enlarged 
and tender. The blood pressure was iao/70. 
She was followed for the next two years in the 
out-patient department, always in mild conges- 
tive failure. 


Roentgenoscopic and roentgenographic ex- 
amination of the heart when she was ambula- 
tory revealed marked cardiac enlargement, the 
heart shadow assuming the appearance’ as- 
sociated with aortic and mitral valve disease. 
The aortic knob was inconspicuous. On the 
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ovcTpenet rated tc!erocntgenogr;?;r< the let: 
ntnum could ]>e.vecn forrrtine the upper third of 
the right heart border. In the rieht anterior 
oWtque position the left atrium bulged far into 
the posterior mediastinum. The barivun-hncl 
esophagus was shifted to the left and posterioriv 
ciosely approxinnited the transverse thoracic 
and descending aorta^ and in the riuht anterior 
obiique position it pnsstrd well in front of the 
bulge of the left atrium. 

Comment. The atypical pu.sition of the 
esophagus with advanced left atrial dilata- 
tion indicates the jxissihility of aortic- 
csoplnigeal adhesion.s. 

Cassc S. B,, temalc. aged forry-sjx\ first had 
congestive heart failure with dyspnea, palpita- 
tion and periphera! edema at the age of thirty. 
.She had been unawarcofheart diseascuntji that 
time. Since then there had been several episodes 
of acute congestive heart failure which .••c- 
sponded to prolonged bed rest and diuretics. 
Loud blowing systolic arui diastolic murmur,^ 
were heard over the entire precordium, and 
auricuiar fibrillation was present. 'I'hc blood 
prcsstirc was i lo/fc. 

Rocntgenoscopic anti roentgenographio ex- 
amination of rile chest showed the heart to be 
globular iti shape and cotwidcrably enlarged, 
d'he aortic knob nas inconspicuou'-, 'J'he jef; 
aviricle was markedly enlarged, protruding into 
the ptisteriur metiiastinai .space. I he barinm- 
fdled esopitagus was deviated to the (ett arul 
posteriorly, fb!f<»wing the trarwcersc thoracjc 
and descemiing t}mr.-icic aorta, which w.i'< 
moderately elongated aiui tortuous. Calcifica- 
tions couli:! be Seen roentgcno'^copicaliy m the 
mitral valve leaflets. 

Comment, 'bhis patient presents classical 
linditigs of douldc irdtral tmti aorftc ^vdve 
disease with acivanced left atrial utlatiuam. 
The twoplmgus is closely app^oc'.;^ to the 
aorta indicating a<}rt:C“e'oph;igeai adhe- 
sions which prevent the expccfcu po-terun 
and iievtrsipi'fitdon of the esjvp.uagus. f tse 
tortiKedty of the d*>C!:ndinc rh-w-wfc aorta 
is intcrc'tinc Iweau-cit indicate' 

th- vvir:vv,c4 


Cesf, VI. M tf. ...... , 

known hwaory of rlu-.m;.',:-, H-’- ■ ' ■ ^ 
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df)wnward. wirb stmightcnine ni ibr rid . orb 
border. The uiqu-r tln.n: <e ;hr i 

border was fi^rnifd bv tii-.- |rU a'l ec-.. vf-' 
c<ndd be seen pOftruduu’ fa'" uU.-' do- r-.-tv" 
mediastinal 'pacc in the ireiu arujra-i ! 's c 
p<)s)t!on, 1 he baruiin-tdli, It e >'ph,,)es • | ;• 
wcU in front of tin: bsilec oi the h-!; .u-;-.;!-. 
the po-vte.'ounter.'or vu-vs tiir r -'p'i '•> 
deviatcvi towards thelefr, tofh.-a u!,.- ; he d- 

mg thoracic aorta. Stieht elot;;',!?;-'!*’ .o; i e-* 
tlilatation of tlit aortic knob, v.di i 
plaques, wio present. 1’h>- cor?*,, is.- f r:;' ■. w 
J.J cm. in shainetcr- Cau'tfic.ttior. . in tre- net.' 
and aoriu: leaflets uete ntentifi'. .i r< 
.scopically. 

Comment, ’I’he aortu.'-c' oph.u'.;.;! all. 
sions prevented the mual rnwot . 

tlie eu»p!tacu-- notes! with, an-.e.i i- 
atrial viilatatioru Dcgcro r.s,tt\<- erf-n 
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anomalous right subclavian artery* 

By MAJOR BENJAMIN COPLEMAN 
Medical Corps, Army oj the Vnited States 


an ANpMALOUS right subclavian ar- 
tery is seldom seen in the dissecting 
room. Anson^ found 3 cases in 102 labora- 
tory specimens, and Goldbloom'^ discovered 
4 specimens among 225 bodies. The inci- 
dence in Uolgopol’s series** was 0.7 per 
cent. Occasional cases, found at autopsy or 
in the dissecl'ing room, have been reported 
by others. 2 -* 5 -io, 12.13 anomaly is not 


GiinseP and Komnierell.^^ Two cases re- 
ported by Saupe were reviewed by Renan- 
dcr who believes tliEt they are correctly 
classified as cases of right aortic arch rather 
than as the anomaly under discussion. In 
view of its rarity in the literature, it is felt 
desirable to review the embryology and 
anatomy of this anomaly, and to record 
another case in which the diagnosis was 
made during life. 



Fig. I. Normal development (after RenandeP''). 
The vessels which persist are in solid black. The 
ventral root of the right fourth branch forms the 
innominate artery. The proximal part of the right 
subclavian artery is formed from the arch of the 
right fourth branch; the distal part of the sub- 
clavian artery is formed from the proximal part of 
the right dorsal aorta. The left fourth arch, its 
ventral root, and the left dorsal aorta form the 
aortic arch. 

rare may be judged from the fact that Holz- 
apfel® found over 200 specimens up to 1899. 
It is unusual, therefore, that it has not 
been seen with comparative frequency dur- 
ing life. The roentgenologic diagnosis of 
this condition in the living patient has been 
reported twice by Dahm"* and once eacJi by 


It will be recalled tliat in the embryo at 
five weeks there are six pairs of vessels con- 
necting the ventral and dorsal paired 
aortae. Of these, the ventral root of die 
right fourth arch forms the innominate ar- 
tery (Fig. i). The arch of the right fourth 
branch makes up the proximal part of the 
subclavian artery; the distal part of the 
subclavian artery is formed from the right 
dorsal aorta. The left fourth arch and its 
ventral root form the aortic arch. 

Abnormally, however, the right sub- 
clavian artery may develop from the distal 
portion of the right dorsal aortic root as an 
offshoot from the adult ascending aorta 
(Fig. 2). The remnant of the dorsal aortic 
root may persist as a diverticulum. The 
anomalous artery frequently springs from 
this diverticulum, as evidence of which 
Holzapfel found the site of origin to be 
dilated in 33 of 55 cases. 

On occasion, the aortic arch may be 
formed from the right fourth branch and 
the left subclavian artery from the left 
fourth branch (Fig. jA). this is, in effect, 
a “mirror image” of the normal dcYmlop- 
ment of the aorta and the right subclavian 
artery. Still another anomaly may result 
when the left subclavian arises from an 
anomalous right aortic arch. This form 
(Fig. 3B), probably the rarest,^ is a “mirror 
image" of the normal aorta and an anoma- 
lous right subclavian artery. 


♦ From the Roentgenology Service, Lovell Gcncwl Hospital, Fort Devens, Massachusetts, 
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In most of the anatomic specimens Dahm 
has found that the anomalous artery arises 
from tlie arch, and only rarely trom the 
descending aorta. Its site of origin is most 
often die posterior aspect, and on^l^ rarely 
the superior wall of the aorta. Since the 
anomalous artery arises on the left as the 





anteriorly to the esophagus, and rarel), 
even anterior to the trachea. Since the site 
of origin of the subclavian artery is lower 
than die origin of the brachial artery, its 
course is therefore also upwards, as well as 





4 



Fig. Abnormal development (after Renander'h- 
The right subclavian artery may develop from the 
distal portion of the right dorsal aortic root, as an 
oft'shoot of the adult aorta. The remnant of the 
dorsal aortic root may persist as a diverticulum 
which frequently gives origin to the anomalous 
vessel (see inset). Note the relationship of the 
esophagus to the .anomalous vessel. 

fourth, rather than as the first or part of 
the first main trunk, it must cross the spine 
to reach the right arm (Fig. 4). It usually 
runs between the esophagus and the spine, 
to which it may be adherent. This relation- 
ship to the posterior and left side of the 
esophagus is most important since it pro- 
vides the only clue by means of which the 
diagnosis may be made in vivo. Occasion- 
ally, however, the anomalous vessel crosses 



Fig. 3. Other abnormalities of development, y/, oc- 
casionally, the aortic arch may be formed from the 
right fourth branch, and the left subclavian artery 
from the left fourth branch. This is a “mirror 
image” of the normal development of the aorta 
and the great vessels. B, the rarest anomaly is that 
which results Avhen the left subclavian artery 
arises from an anomalous right aortic arch. This 
is a “mirror image” of the normal aorta and an 
anomalous right subclavian artery. 

to the right, behind the esophagus. It may 
cross the spine anywhere from the level of 
the sixth cervical to the fourth thoracic 
vertebra. 
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artery (diverticulum of the forta) may ex usually no eso- 

One an.o™. sS^^.Lsr ii 

Tr<,che, was perforated by a sharp bone 

\ , piercing the esophagus. 


^Exop^i, 


CASE REPORT* 

A white male, aged forty-six, was first seen 
by his doctor late one night complaining of 
severe burning and intermittent substernal pain 
of about two hours’ duration. There was radia- 
. avioK^^/ottJ tion of the pain down both arms. He had no 
ftilkt ^ difficulty in swallowing. His past history was 
inconsequential. He was very restless and ap- 
Ar 4 «r^ prehensive, and appeared to be suffering se- 
verely with each attack of the intermittent 
pain. The only positive findings were a blood 
V pressure of 1 80/100, and slight epigastric ten- 

\ derness, A quarter of a grain of morphine sul- 

\ fate brought no relief. He felt better the next 

\ morning; his blood pressure was then 110/80. 

His chest was strapped and this seemed to rc- 
lieve him. The blood count and Wassermann 
reaction were normal. The patient refused to 
submit to an electrocardiographic examination, 
{_ but requested that he be referred for an exami- 
nation of his stomach and duodenum. 


View from in front 

Fig. 4. Sketch of an anatomic specimen (semi- 
diagrammatic), The anomalous right subclavian 
artery, in solid black, arises from the aorta as the 
last main branch; ft courses towards the right be- 
hind the esophagus. 

would cause an impression on the esopha- 
gus posteriorly and to the left instead of to 
the right. 

Another important anomaly occurs in as- 
sociation with that of the arter5^ The recur- 
rent laryngeal nerve on the right passes di- 
rectly to the laryngeal structures instead of 
hooking about the subclavian artery. This, 
and the rare case in which the subclavian 
artery crosses anterior to the trachea, may 
be a source of anxiety to the surgeon during 
the course of a thyroidectomy. 

Patients with right subclavian artery 


The heart and lungs were norma! roentgeno- 
scopicaily. The aortic knob was in normal posi- 
tion and pulsated normally. On examination 
of the esophagus there was noted a groove-like 
defect on the posterior wall extending from just 
above the level of the aortic arch upwards and 
to the right. Roentgenograms made during the 
roentgenoscopic examination showed that the 
defect was due to external pressure and not to 
an intrinsic lesion (Fig, 5 atid 6 ). 1 he remainder 
of the examination was negative. 

The diagnosis of this condition during 
life without roentgenologic means is hardly 
possible. The roentgenologic demonstration 
depends, as mentioned above, on the ana- 
tomic relationship of the anomalous vessel 
to the esophagus. In its course posterior to 
the esophagus the anomalous artery inden ts 
this structure, and so provides the .sole di- 

* Acknowledgment is made to Dr. II. H. Co;>!em.in hr the 
case history. 
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agnostic clue. Only the very rare case in 
which the artery proceeds to the right in 
front of the esophagus or in front of the 
trachea will escape detection by roentgeno- 
logic means. 

This defect, in the cases reported, is con- 
cave to the left. Specimens have been 
noted'* in which the esophageal indentation 
would have been to the right. The defect is 
usually situated just at or above the level 
of the aortic arch. Here again, the variation 
in the specimens is such that a defect may 
be produced at the level higher or lower 
than that of the aortic arcli. 

The shape of the defect in the posterior 
aspect of the esophagus may be a segment 
of a circle with a diameter of about 4 to i 
inch. The larger pressure defects are prob- 
ably due to the dilated portion (aortic di- 
verticulum) from wliich tlie artery origi- 
nates. This type of defect was present in 
the cases reported by Kommerell, Giinsel 
and in Dahm’s first case (Fig. 7). In Dahm’s 





Fig. S. Posteroanterior view of chest with bari. 
esophagiy (retouched). Groove-like defect ( 
arrows ,n the barium-filled esophagi whi 
tends from the level bf the aortic . ’rch r 
arrow) upwards and to the right ^ 



biG. 6. Right oblique projection (spot roentgeno- 
gram) of barium-filled esophagus. Pressure defect 
on the posterior of the esophagus. 




or an S in reverse. The lower defect, 
concave to the left, was larger than the 
upper, concave to the right, and was prob- 
ably produced by the dilated diverticulum. 
The upper defect was probably produced 
by the anomalous artery itself. In the new 
case which is presented, the defect extended 
from tile aortic arch obliquely upwards and 
to the right, and was probably produced bv 
pressure of the anomalous artery directlv 
on the esophagus. 

In spite of the absence of operative or 
autopsy proof, tlie evidence in favor of this 
diagnosis seems incontrovertible after a 
comparison with the cases and anatomic 
spmmens published in the literature. 

_ I he esophageal defect produced by a 

described for the anomalous right sub 
clavian artery. The aortic anoinaly dis 

rioriy (Fr's) The d ”‘=- 

“"tact with the esophage’al defecrat 
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Fig. 7 . Tracings of the cour.sc of the esoph.agus in each of the 4 cases reported in the iitcr.ifurc, in which fhr 

diagnosis was made during life. 


the left side of the vertebral column, must 
be made in order to arrive at the true diag- 
nosis. This set of conditions vas observed 
in the case reported abov^e. 

Lesions of the mediastinal lymph nodes 
must also be excluded in the differential 
diagnosis. It is conceivable that a destruc- 
tive lesion of the vertebrae with formation 
of a soft tissue mass anteriorly may pro- 


duce a similar, but non-jiuls.ifinc, defer; 
in the esophagus. 

SUM'.IARV 

'file cmbryolog}' and anatomy of anoma- 
lous right subclavian arterv’ arc dc-criiicd. 
The literature is rcvicwcil and the roent- 
genologic diagnosis <,{iscussc*'l. A case sliov - 
ing the characteristic rocnfgenologir Aim 
described in the literature is fsrcrcntcd. 
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Fic 5. 8. Right aortic arch. A, richt oblique view; B, posteroanterior view; C, left oblique view. The defect m 
the barium-filled esophagus, as seen in the oblique projections, is due to pressure from behind, and is 
similar to the defect produced by an anomalous right subclavian artery. Note, however, that in the 
posteroanterior projection the esophagus is characteristically on the left side of the anomalous aortic arch. 
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ROENTGENOLOGICAL DIAGNOSIS OF BENIPN 
tumors (SINGLE POLYPS) OF THE COLON 




By FKANZ J. LUST 

NEW YORK, NEW YORK 


TlENIGN tumors of the colon are com- 
^ paratively rare. Lawrence found that 
polyps _ occurred in 2.3 per cent of 7,000 
autopsies- Compared with this frequency 
the roentgenological literature shows an as- 
tonishing scarcity of reports of such cases. 
While reporting such a case we would like 
to discuss the reason why these lesions are 
so infrequently reported in the roentgeno- 
logical literature. 

A search of the recent literature and of 
such textbooks as those by Golden, Schinz, 
Assmann, Stierlin and Chaoul, Chaoul and 
Adams, H. H- Berg, Maingot-Sarasin- 
Duclos, Feldman, Bargen and the recently 
published work by Bockus fails to rer^eal 
roentgenograms of solitary, benign ade- 
nomas of the colon. Rankin, Bargen and 
Buie show a case of a polypoid mass in the 
cecum, which turned out to be a fibroma. 
The only book, as far as we know, which 
contains a roentgenogram of this condition 
is that by Buckstein. This book contains 2 
cases of polyps of the colon. 

Polyps of the colon are reported in the 
publications of Weber, Gilbert and Kad- 
rnka, Schatzki, Root, Jenkinson and Was- 
kow and also Kennedy, Dixon and Weber. 

These are the important signs Avhich 
should make one search for the presence of 
intestinal polyps: (i) bleeding from the 
rectum; (2) intestinal obstruction. 

Bleeding from the intestinal tract is al- 
ways an alarming symptom. Most of the 
poljqjs are verv vascular and therefore 
easily damaged" by hard fecal matter. 
Bleeding is frequently the first -symptom. 
The second symptom is that of partial in- 
testinal occlusion. Polyps, like malignant 
tumors, often form the head of an invagi- 
nated portion of the bowel. Such cases are 
reported b^^ Schatzki and others. The clini- 
cal symptoms are the same in malignant 
and benign tumors. The signs of partial 

27! 


obstruction or invagination are in the fore- 
ground; its mechanical results overshadow 
every other symptom. The indication for 
surgical intervention is obvious. Benign 
tumors are rarely so large as to effect com- 
plete occlusion of the lumen of the bowel. 
There have been no reports with respect to 
such complete occlusion as far as we know. 

What other symptoms would lead us to 
suspect a polyp of the large intestine? These 
tumors give no characteristic sign which 
could not also be found in a malignant 
tumor. However, there is one symptom, 
in our experience, which might cause us to 
look for a pedunculated tumor. We found 
in our first case, as in a similar case of a 
pedunculated carcinoma, the following 
complaints; The patient experienced no 
pain except after the intake of laxatives or 
cleansing enemas. This symptom is prob- 
ably due to the fact that the peristaltic 
waves of the colon try to transport the 
polyp caudally and, in doing so, are exert- 
ing a pull on the colonic wall at the site of 
the attachment of the tumor. These pains 
are cramplike and can easily be confused 
with any localized spasm of the colon, 
which may be caused by many different 
conditions. In our case the pains were 
localized in the right hypochondrium. The 
patient, in fact, came for treatment of an 
“inflammation of the gallbladder.” How- 
ever, after ruling out any pathological con- 
dition of the gallbladder a roentgenological 
study of the colon was undertaken. The 
localization of the pains could easily have 
been caused by disease of the gallbladder, 
as the patient was slender and there was the 
possibility of a low position of the gall- 
bladder. 

The best method to find a polypoid 
growth of the colon (unless it can be reached 
by the proctoscope) is by enema. Barium 
given by mouth is very frequently mixed 
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with fecal matter wlien it reaches the colon. 
Therefore, unless a very large tumor or a 
tumor heading an invagination is present, 
it is practically impossible to differentiate 
between a pathological mass and fecal 

matter. . ^ , i i 

The complete filling of a colon b) the 

usual barium enema usually outlines the 
entire A'iscus to such an extent that the 
tumor is not visible. J enkinson and Waskon 
use a compression device and visualize the 
tumor by this means. This entails very 
careful roentgenoscopy as some of the 
pohyis are very small. Another method is 
that of air insufflation into the colon after 
evacuation of the contrast enema. There is 
no question that this method has its defi- 
nite value as Buckstein, Root, and Brust 
have demonstrated. “The tumor,” says 
Root, “is quite prominent after the air in- 
jection, however, since it is coated with 
barium and is seen against the dark back- 
ground produced by the air.” 

In previous publications with Jacobi, I 
have recommended the study of the mucous 
membrane by special attention to the 
mucosal pattern in searching for patho- 
logical conditions of the colon. In these 
papers we have fully discussed our method 
which is based upon the fundamental 
studies ofForssell and Berg. Essentially the 
mucosa of the colon after evacuation of a 
barium enema has a very definite appear- 
ance. There is a regular pattern of folds, 
especially in the transverse colon; a pattern 
which is based on a sequence of longitudinal 
and transverse folds. The folds have a cer- 
tain amount of variation. However, they 
never have any similarity to a tumor mass. 
Any abnormality of the mucosal pattern 
should arouse the attention of the ex- 
aminer. In cases of polyps, the regularity 
of the mucosal pattern is suddenly inter- 
rupted. The tumor appears like a cherry or 
a plum in the axis of the colon. As these 
tumors have a lobulated surface, the bari- 
um is retained in its folds and therefore 
outlines the contour of the pohq). For the 
further study of these tumors a compression 
device must be used. It would be rather 


wasteful to use 14 by 17 inch films, as long 
as the lesion is small. We take four expo- 
sures on an 8 by 10 inch film under vary- 
ing angles and compression with trans- 
lucent cassettes, while the object is visible 
on a fluoroscopic screen (Fig. 3). This 
fluororoentgenography is a procedure which 
saves much material. 

The fluororoentgenographic device en- 
ables us to exert localized compression, a 
A^ery important factor in the differential 
diagnosis. The only round shadow which 
might be confused with a polypoid mass is 
fecal matter. The localized compression 
may occasionally crush or dislocate the 
barium-covered Real matter during roent- 
genoscopy, whereas a pohq3, of course, 
does not disintegrate under our eyes. 

C-A,SE REPORTS 

Case i. Mrs. G., aged fifty, had been con- 
stipated for fifteen years. Appendectomy had 
been performed eighteen years before. For the 
last four years she had had pains in the middle 
of the right side of the abdomen. These pains 
had increased during the last two months and 
were supposed to be caused by an inflamed gall- 
bladder. The patient attributed her pains to 
“gas.” After taking cathartics the pains would 
radiate across the abdomen and would fre- 
quently be accompanied by a burning sensation. 
Occasionally, the pains radiated to the back, 
but subsided after the ingestion of food. The 
appetite was fair. The stools had never con- 
tained blood, but did contain mucus. Six 
months ago a sister of the patient had under- 
gone an operation for cancer of the sigmoid. 

The physical examination of the patient did 
not reveal any abnormalities with the excep- 
tion of a tenderness 1 inches below the region of 
the gallbladder. No masses could be felt. The 
liver was not enlarged and was definitely not 
connected with the local tenderness. 

The findings on roentgen examination were as 
follows: Stomach and duodenum were normal. 
Barium enema: The barium filled the entire 
colon without delay. The colon was of normal 
size, shape, and position (Fig. i). No defects 
were visible. After evacuation a round polyp 
became visible in the right side of the trans- 
verse colon (Fig. 2 and 3). The gallbladder was 
well visualized after an oral Graham test and 
Avas normal in appearance. A diagnosis was 




Fic. 2 . Case i. Special views of a benign polyp of the transverse colon. 
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made of a polyp in the right side of the trans- 
verse colon. 

At operation (Dr. Ralph Colp) a peduncu- 
lated polyp was found in the transverse colon. 
The tumor was resected. The pathologist’s re- 
port revealed that the tumor mass was almost 
round and strawberry like in appearance, meas- 
uring 1.5 cm. in diameter. It was soft and fri- 
able, and dark red in color. The pedicle was 
short and measured only a few millimeters in 
length (this short pedicle may have been caused 
by formalin fixation). Microscopically, the 
tumor represented a typical adenomatous struc- 
ture (Fig. 4). The long, delicate papillae radi- 
ated from the center which was actually a part 
of the pedicle; the latter was made up of a 
fibrous connective tissue. The papillae were, 
for the most part, composed of single layers of 
regular cylindrical cells (Fig. 5). There were, 
howeA'er, areas of papillae composed of multiple 
layers of cylindrical cells with hyperchromatic 
nuclei and a moderate degree of cell atypism. 
Occasional mitoses, which were found in these 
areas, were not atypical. Their basement mem- 
branes were intact throughout. Pathological 
diagnosis: Pedunculated adenomatous polyp 
with moderate cell atypism. 



Fig. 5. Case i. High power photomicrograph of tlie 
benign polyp. 



Case ii. This patient was a middle aged 
woman with indefinite abdominal complaints. 
There was no bleeding, no loss of weight. A 
barium enema revealed an irritable colon; no 
defects could be visualized. A study of the 
mucosa revealed a small polyp in the region of 
the rectosigmoid (Fig. 6). No further polyps 
could be seen in the remainder of the colon. 
Proctoscopy confirmed the diagnosis and the 
tumor was removed surgically. 


1 ne greatest dirhculty in the differential 
diagnosis of diese single polyps is the pres- 
ence of fecaliths. We cannot impress toe 
much on our patients that they should be 
well prepared for a colon examination. Only 
too often we are confronted with patients 
who did not follow our instructions. Thev 
either did not take a cleansing enema at 
lome, or they took it improperly. Large 
carcinomas will show up especially when 
they are obstructive; however, smaller le- 
sions, like polyps, or mucosal changes in the 
different types of colitis, are impossible to 
evaluate correctly. This problem con- 
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SUMMARY 

The roentgenological diagnosis of single 
benign polyps in the colon is discussed. 
Cases of this type are comparatively rare in 
the literature, which is strange since they 
are not too rarely found at autopsy. Ap- 
parently they are so often missed because 
the roentgenological studies of the colon 
are not alwa^^s performed under careful pre- 
liminary preparation of the patient. Most 
of these benign tumors are too small to ob- 
struct the lumen of the bowel and are gen- 
erally overshadowed by the complete filling 
of the colon with the barium. The study of 
the mucous membrane of the colon after 
evacuation is stressed. Air insufflation is 
advisable, but interpretation must be made 
cautiously, as is demonstrated by our case 
in which fecal material was adherent to the 
wall of the sigmoid, thus simulating a poly- 
poid tumor. In such cases, only re-examina- 
tion after careful preparation will enable 
one to avoid making an incorrect diagnosis. 

17 East 89th St., 

New York, N.Y. 

REFERENCES 

I. Brust, J. C. j\I. Solitary adenomas of rectum 
and lower portion of sigmoid. Proc. Staff 
Meet., Mayo Clhi., 1934, 9 , 625-631. 


2. Bucksteix, Jacob. Clinical Roentgenology of 

the Alimentary Tract. W. B. Saunders Co., 
Philadelphia, 1940, pp. 45a and 458. 

3. Gilbert, R., and Kadrnka. S. Resultats cli- 

niques de I’exploration radiologique du relief 
interne du gros intestin. J. de radial, et 
d' 6 lectrol, 1933, 17, 401-427. 

4. Jenkin.sok, E. L., and "Waskow, W. L. Polyps of 

large bowel. Radiology, 1940, j./, 489-495. 

5. Kennedy, R. L. J., Dixon, G. F., and Weber, 

H. M. Polypoid lesions of colon of children. 
Siirg., Gynec. £5? Obst., 1943, 77, 639-644. 

6. Lawrence, J. C. Gastrointestinal polyps. J. 

Stag., 1936, J/, 499-505- 

7. Lust, F. J., and Jacobi, H. G. Roentgenographic 

studies of mucous membrane of colon; normal 
pattern. Am. J. Digest. Dis. Sy Nutritiori, 
1936,^,108-111. 

8. Lust, F. J. Fluororoentgenograph. Am. J. 

Roentgenoi,. & Rad. Therapy, 1940, 4j, 
141-142. 

9. Root, J. C. Roentgen examination of the colon. 

Surg. Cli}}. North xhnerica, 1939, ig, 1071- 
1088. 

10. ScH.tTZRi, R. Roentgenologic appearance of in- 

tussuscepted tumors of colon, with and without 
barium examination. Am. J. Roentgenoi,, & 
Rad. Therapy, 1939, 41, 549-563. 

11. SwiNTON, N. W., and Warren, S. Polyps of 

colon and rectum and their relation to 
malignancy. 7. Am. M. Ass., 1939, 7/7, 1927- 

1933- 

12. Weber, H. jNI, Roentgenologic demonstration of 

polypoid lesions and polyposis of large intes- 
tine. Am. j. Roentgenol. &r Rad. Therapy 

1931, -=> 5 , 577-589- 



-r-w ioj( 

ROENTGEN IRRADIATION IN THE TRPATA/fUMT 

marieotrOmpell disease mSJ ” 

SPONDYLARTHRITIS)* 

AN ANALYSIS OF i 6 o CASES 


By JAMES E. HEMPHILL, M.D. 

WINSTON-SALEM, NORTH CAROLINA 
and 

ROBERT J. REEVES, M.D. 

DURHAM, NORTH CAROLINA 


encouraging reports of Smyth, 
■A Freyberg and Lampe/^ published in 
1941 on the roentgen treatment of rheuma- 
toid arthritis of the spine, offered definite 
hope for some relief in this resistant, chron- 
ic, and disabling condition. Roentgen 
irradiation, as they emphasized, has a 
place in the treatment of this disease. 

The purpose of this report is to present 
an analysis of 160 cases of Marie-Striimpell 
disease which were treated by deep roent- 
gen therapy in addition to the important 
orthopedic measures now employed by the 
Orthopedic Division of the Department of 
Surgery at Duke University Hospital, The 
therapy herein described was inspired by 
the publication of Smyth, Freyberg and 
Lampe, and is only a part of the measures 
now employed at Duke University Hospi- 
tal in the treatment of this disease, 
Kahlmeter,^® 1930, published one of the 
earliest convincing reports of the effects of 
irradiation on arthritis. Scott,^® in 1935? 
summarized 400 cases treated with roent- 
gen irradiation and mentioned general body 
irradiation as a method of therapy. In addi- 
tion to these workers, Sokolow, 1897; 
Moses, 1905; Dominici and Gy, 1907; 
Fried, 1934; Hellebrand, 19345 Toschke, 
194I, and Balnoch, 1941, all reported use 
of the roentgen ravin the treatment of joint 
disease. 

Marie-Striimpell disease is a chronic 
systemic disease of unknown etiology char- 
acterized by inflammatory changes in the 


synovial membrane and periarticular struc- 
tures of the sacroiliac and spinal joints, 
with remissions and exacerbations of sys- 
temic and local manifestations. I here is not 
complete agreement that this is a true 
atrophic arthritis although the pathological 
picture is indistinguishable from it. Clini- 
cally, the disease appears to be a separate 
entity. The course is that of a progressive 
deforming arthritis unless correction and 
prevention of the deformities can be insti- 
tuted in time. Proper combined roentgen 
and orthopedic therapy offers a logical ap- 
proach to this ideal of treatment. 

Predisposing causes have been men- 
tioned^ including shock, fatigue, trauma, 
infection, exposure, heredity, and climate. 
However, the part these play in the disease 
has not yet been established. 

Systemic manifestations vary greatly, 
depending on the duration of the disease 
and other factors. Loss of weiglit, progres- 
sive emaciation, muscle atrophy, accelerated 
pulse, and secondary anemia may all be 
evident during the course of the disease. 
Blood sedimentation rate is always ele- 
vated and is a guide in follow-up. Blood 
urea, non-protein nitrogen, carbon-dioxide 
combining power, total fat, cholesterol, cal- 
cium, phosphorus, alkaline and acid phos- 
phatase determinations are normal. The 
basal metabolism and respiratory quotient 
are usually normal or only slightly altered. 

Local manifestations are evident in the 
joints first involved. Migratory low back 
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pains, stiffness, limitation of motion and 
muscle spasm are considered early symp- 
toms and may be present for years. Later, 
contractures, deformities, fibrous and bony 
ankylosis with atrophy of the neighboring 
muscles reveal an advanced stage of the 
disease. The local manifestations, like the 
systemic manifestations, tend to occur in 
episodes of remissions and exacerbations. 
The essential relentless progress of the un- 
treated patient presents an extreme change, 
not only in the joints of the spine and sacro- 
iliac joints, but also in the surrounding 
ligaments and periarticular structures. Not 
infrequently in advanced stages the hip 
joints, shoulders, and even the temporo- 
mandibular joints may become involved. 

Many variations of ankylosing spondyl- 
arthritis have been described. Marie- 
Striimpell disease characteristically begins 
in the sacroiliac joints and extends upward. 
“Spondylitis ankyiopoietica,” “spondylitis 
ossificans ligamentosa,” “rheumatoid ar- 
thritis of the spine,” and “spondylitis de- 
formans” have been described in the litera- 
ture separately but may be considered from 
the roentgen therapy viewpoint as various 
stages of the same patitological process. 

Steinberg^* presented a most detailed 
description of the pathological changes in 
atrophic arthritis in which he demon- 
strated the active inflammation of the 
synovial membrane, capsule, and surround- 
ing soft tissue structures. The earliest 
change he found was marked proliferation 
of cells of the synovial membrane producing 
a layer of very vascular granulation tissue 
or pannus over the articular cartilage. With 
this alteration a similar active inflamma- 
tory process occurs, simultaneously, in- 
volving the connective tissue elements of 
the bone marrow below the articular car- 
tilage. This latter reaction extends through 
the zone of temporary provisional calcifica- 
tion and destroys the articular cartilage 
nearest the bone, Nvhile the pathological 
process evidenced by proliferated synovial 
rnembrane destroys the articular car- 
tilaginous surface. The result is tliat the 
articular cartilage is gradually destroyed 


by the two granulations. These two layers 
of active granulation tissue have marked 
potentialities of forming fibrous and bony 
ankylosis. 

The clinical diagnosis of Marie-Striim- 
pell disease is usually not difficult in well 
established cases. The patient flexes his 
body at the hips. The lumbar curve is flat- 
tened and the dorsal curve is exaggerated. 
The chest is flat and rigid, its expansion 
being limited. Spasm of the back muscles is 
variable. Many patients complain of pain 
and stiffness in the liips or shoulders in 
addition to the spinal symptoms. 

Prodromal symptoms include lassitude, 
anorexia, nervousness, accelerated pulse, 
low grade h^qDerpyrexia and loss of iveight. 
The onset is gradual, as a rule, but tends to 
be more acute in the younger age groups. 
Most cases occur between the ages of 
twenty and forty-five. Seventy-seven per 
cent of this series were between twenty and 
thirty-nine years of age (Table ii). The 
body t^npe may be asthenic or sthenic, but 
with the progress of the disease the patient 
appears more of the asthenic type. Sec- 
ondary anemia is frequently present and 
persists for a long time. The average hemo- 
globin in our series of cases was 70 per cent. 

Pain is usuallv the presenting complaint. 
It is commonly described as an “ache,” 
predominantly in the lower back and in- 
definitely localized in the early stages. Oc- 
casional!)' the pain is lancinating, radiating 
down the sciatic nerve, and may be brought 
on b)^ movement. Typically, the pain 
varies, being worse in- the morning, and 
may even awaken the patient early in the 
morning. The pain usually subsides during 
the da)'- after protective muscle spasm 
limits tlie excursions of movements but it is 
definitel)^ accentuated b)’* fatigue and over- 
exertion. 

Stiffness is associated with the pain and 
becomes progressively worse and relentless 
except for occasional remissions. The stiff- 
ness, like the pain, is worse in the early 
rnorning, decreasing temporarily with mo- 
tion and activity during the day, and be- 
coming accentuated by fatigue. 
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Paravertebral muscle spasm is closely 
associated with the pain and stiffness 
varying from day to day and usually being 
accentuated by motion. 

Decreased capacity for exertion is almost 
a constant finding and is dependent on the 
degree of pain, stiffness, and paravertebral 
muscle spasm. The limitation of motion of 
the spine varies from slight diminution of 
flexion, extension, lateral and circular 
movements to complete fixation or “poker 
spine.” Eighty-five per cent of our cases 
showed a decrease in chest expansion. This 
may become so pronounced that the vital 
capacity of the lungs is greatly lowered. 

Increased sedimentation rate is usually 
.present and with an altered Weltmann co- 
agulation band may be an indication of the 
stage of activity of the disease. The two 
combined are considered the best possible 
clinical laboratory evidence of the presence 
of an actively growing pannus. 

Leukocytosis may be present. About 50 
per cent of our cases showed elevated 
peripheral white blood cell counts. Some 
reported cases have shown elevated al- 
bumin-globulin ratio and positive agglu- 
tinations for hemolytic streptococcus. The 
urine shows no characteristic changes. 


may also be found in the vertebral articular 
1 ^ccts. 

Later changes are osteosclerosis of the 
subchondral bony margins, with destruc- 
tJon of the articular cartilage, narrowing of 
the joint space and trabeculation across the 
joint space. Calcification of the ligaments 
producing bridging of the intervertebral 
discs with ankylosis of the spine occurs in 
the final stage of the disease. Forestier’ 
coined a distinguishing term “syndesmo- 
phyte” to apply to the bridging of verte- 
brae in Marie-Strum pell disease as con- 
trasted to the “osteophyte” of degenerative 
arthrosis. Early roentgen changes are easily 
missed even by the competent roentgen-' 
ologist and will not be discovered unless he 
gives careful attention to the sacroiliac 
joints. 

DIFFERENTIAL DIAGNOSIS 

Because of the value of early correct di- 
agnosis and institution of proper therapy, 
Marie-Striimpell spondylarthritis should 
be differentiated from other conditions 
which may not offer so favorable a prog- 
nosis. The hypertrophic or degenerative 
type of arthrosis of the spine should be 
ruled out. Gonorrheal arthritis, luetic 
arthritis and tuberculous arthritis are 


ROENTGEN DIAGNOSIS 

During the earliest inflammatory stage 
of the disease roentgenograms may be 
negative. However, oblique 45 degree angle 
roentgenograms may show changes about 
the articular facets of vertebrae. The facets 
of the twelfth dorsal vertebra are frequently 
affected earlier than others. 

Usually the earliest detected changes 
are in the sacroiliac joints, and consist of 
decalcification and irregular trabeculation 
in the subchondral bone immediately ad- 
jacent to the joint space, with haziness and 
apparent widening of the joint space. The 
slight fragmentation of trabeculations as 
the marrow pannus develops gives pyknotic 
areas at the joint margins seen first along 
the lower half of the joint. The changes may 
be seen in one or both sacroiliac joints and 


sometimes difficult to distinguish. Subacute 
rheumatic fever, traumatic injuries and 
ruptured intervertebral disc must be ex- 
cluded. Lumbosacral and sacroiliac 
“strain,” “lumbago” and “neuritis” are 
convenient terms often applied incorrectlj 
to the condition in its early stage by physi- 
cians not aware of the early diagnostic 
features of Marie-Striimpell spondylar- 
thritis, The condition should not be con- 
fused ivith the adult type of atrophic 
arthritis, childhood type (Still’s disease) or 
psoriasis arthropathica. 

Careful history and physical examina- 
tions with adequate roentgenograms and 
repeated laboratory studies usually give an 
accurate diagnosis if the examiner has the 
condition in mind. 

One hundred and seventy-two cases ot 
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Marie-Strumpell spondylarthritis ^ lave 
been treated. One hundred and sixt) or 
tliese 172. cases had sufficient data on then 
hospital charts to be of value in tliis analy- 

SIS. 

Sex. One hundred and thirty-seven cases, 
or 86 per cent, were male; 23 cases, or 14 

per cent, were female. 

Race. One hundred and fifty-one cases, 
or 94 per cent, were white; 9 cases, or 6 
per cent, were colored. There were 130 
white male patients and 7 colored male 
patients; 21 white female patients weie 
treated and only 2 colored females (Table 

Table I 

TREATED CASES OF MARIE-STRUMPELL SPONDYL- 
ARTHRITIS 


Table III 

DURATION or COMPLAINT BEFORE TREATMENT 

3- 1 2 mo. 41 26% 

1- 2 yr. 27 17%] L r 

2- 3 yr. 26 16% Almost three-fourths ol 

--4yr. 14 8%> patients had symptoms 

4- 5 yr. J 5 9 % for over one year. 

Over 5 yr, 41 24% 

pared with Tables ix and x. The earlier 
correct diagnosis can be made and proper 
orthopedic and roentgen treatment insti- 
tuted, the better the prognosis. 

Table iv classifies the stages of the dis- 

Table IV 

CLASSIFICATION BY ROENTGEN FINDINGS 

Stage 1 60 cases 40% 

(Early disease) changes limited to sacroiliac joints 


Total No. in files: 172 

160 of these 172 cases had sufficient data on hospital 
records to be of value 

Total 160 Cases Analyzed 

Se.Y , Race 

Male: 137 86% White: 151 94% Male 130 

Female: 23 14% Female 21 

Colored: 9 6% Male 7 

Female 2 

Table ii classifies the patients according 
to age groups. One hundred and twenty- 

Table II 

AGE GROUPS TREATED 

Age, yr. Cases 


Stage 2 58 cases 37% 

(Moderately advanced disease) partially or com- 
pletely obliterated sacroiliac joints, osteitis of 

the articular facets, and slight calcification of the 
spinal ligaments 

Stage 3 38 cases 23% 

(Far advanced disease) sacroiliac joint ankylosed, 
and those in whom extensive paravertebral 
ligamentous calcification occurred, with or with- 
out involvement of girdle joints 

Total 156. 3 cases with symptoms of 6 mo. or less 
upon review of films were negative roentgeno- 
graphically. 

I case films reported positive elsewhere and not 
roentgenographed again. 


10-19 8 

20-29 65I 123 cases or 77% between 

3^39 58 j 20-39 years of age 

40-49 20 

50-59 6 

60-69 3 

Total 160 

three cases, or 77 per cent, were between 
the ages of twenty and thirty-nine years. 

Table in shows the duration of symptoms 
before treatment was begun. Almost 75 per 
cent of our patients had unrelieved symp- 
toms for more than a year, emphasizing the 
persistent and insidious development of the 
disease if not treated. The value of early 
diagnosis is obvious when Table iii is com- 


ease into early disease (60 cases, or 40 per 
cent), moderately advanced disease (58 
cases, or 37 per cent), and far advanced 
disease (38 cases, or 23 per cent). This 
classification is according to that of Smyth, 
breyberg and Lampe^" and is based on the 
roentgen findings. 

Orthopedic treatment is outlined in 
Table V, and is patterned after the com- 
bined work of Swaim^*’ and Baker^-^ whose 
original papers should be referred to for 
mole detailed analysis. The orthopedic 
treatment is most important, and satis- 
factory results cannot be expected if roent- 
gen theiapy is used alone. We believe that 
roentgen therapy finds its greatest useful- 
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Tmux V 


ORTHOPr.DiC T RFI.V! 

Swaimd’* Bakcr.^ - Nhifdc spasm exists for years K-- 
forc actual ossification of ligaments takes place 
t. Begin as early as ]>:.issibic 
a. gradual hy|vjrcxtcnsion 
h. relaxation of muscles 

c. corrective exercise to straighten spme and 
increase chest expansion 
cl. immohilmation of spine to hold correctiem 

2. Systemic supjK)rl 

a. high vitamin, low cnrlKihydratc diet 

b. bed rest, hard mattress, etc. 

c. physiotherapy, heat massage, etc. 

d. combat anemia 

e. psychological encouragement 

3. Educational 


nes? in being the important agent which 
allows orthopedic treatment and correction 
of the deformities to he tolerated l>y the 

patient. . . 

The following factors have been usen m 

the rcentgen treatment: 200 kv., 30 to 50 
cm. distance, o.s mm. Cu plus 1 mm. M 
added filtration, S to 25 ma., giving a Imlt- 
value laver of 1.1 mm. copper. The spinal 
column 'is blocked otl' into three or lour 

don"ated fields by lend shields. iMcl^ 

from' 160 to 260 sq. cm., hut need not he 
wider than to 10 cm. to he certain that the 
lateral spinal ligarnciu.s are included in 
the beam. We use n roughly triangul.nr field 
for the lumbosacral and sacroiliac joints, 

includinii tlicm in one field. _ 

'l\vo or three fields arc treated every oa> 
or cverv other day, giving a tinse (witlmur 
hackscuttcr) of 15"- r, measured 
each field for three or finir treat meuts c . . 

n-r <crU-^. Tllf sk"' 

g.. r per iicUi prr trc.itnu-Pt nml j 'y'yVg 
,l,c !.n.cri..r ,ntrr-spin..». yy,;'-; y 

r prr r.fU per rrran«c!U l..r y;;;;'- 

• ■ , ft-r. sr--'fr- "-.vcs an a%-er.!ge -.stf-.o 

patient. Uut st.a, ^ .... ; 


[i-wt: o? :iboixi 

=.rr 

.-..s t-uus p---’ 

1; , r; i'.n;. 4t' run-,-”. 

tnri.-nu»:.,rnyi '*< p-'V' gyt 

'nrn C'u Inter tot 'i.c ^ 


in order to decrease the tiepth ib-...:; a: 
ovaries. h’Drcunately, rise ui-c:’.<c 
common in vnmtc wotnen. 


These ric-s of deep rociugen trc.'itn'.c.n;-. 
repented at the end of six to eiglu 
clinical re-evaluation sugpcxts it is n-.xT., 
.s:try. Sixty-five per ce.nr of uur patirnt- 
complained> of one or mure si-ir rfiVrn. 
from the roentgen ther.ipy, such ;o a:'.- 
orexin, nausea or vomitisu':. Thor xyf.,p- 
toms were not severe and cotihl In* con- 
trolled hy treating only two fiddv .a vl.ty 
instead of three, and giving vitanttn Ih 
tablets, or thianune chlondc. I.cuko|H'nm 
was not common ,ind never reipnfed. ve'-'-u. 
tion of roentgen therapy, 

'Die number of serie-. of roentcen treat- 


ments necessary must he determined lu- 
clinical foilow-up mui re-ev;duation at tre- 
quent intervals. 'Diis is parr of the c.;u:;o 
tionnl program for the patients. .X rising 
scdimentaritni rate and lieerease in Wr.’r- 
mann coagulation hand sugeest ;u'tivU\ 
of the growth of the granulations uhr.n 
associated witli recurrence "f the pun. 
stitfncs< and para vertebra! mu-cle sp.i'-m. 
.Successive series of roentgen, trc.itmcnr-- 
mav he eiven wirit safety, pmvidoi the 
interv.als between the srrie- are sumetemK 
lontr. One hundred am! tNwm{y.‘iy case-.. 

t7S‘perccnt|inour;m:ifssis h-ui .mr -rom, 

27 r.nscs np 1 

eases (5 pt. 

senes !S<;C I aide ’< !■ 


tier cent * h;n! fv.-t senr 
centi were trr.nwl v'* 


T *>» 


UV* 

1 JJirrr 


1 t t ! »' \ I 
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Tabi.e VII 

EVIDEMCE or IMPROVEMENT 

Allows orthopedic treatment to be tolerated. _ 

2 . Reduction of symptoms, especially pain, stiff- 
ness. 144 cases, or 90%. 

V Increase in spine motion and chest expansion. 
91 cases, or 57%. 

4. Relaxation of paravertebral muscle spasm. 102 
cases, or 64%. 

<. Sustained gain in body weight. 

6. Rise in hemoglobin. 

7. Decrease in sedimentation rate. 

8. Weltmann coagulation band approximates nor- 

mal. 

9. Decrease in pulse rate. 

10. Return to gainful occupation. 

fore treatment. Thirteen patients who were 
bed-ridden for months and unable to work 
at all when therapy was instituted, returned 
to gainful occupation. This represents a 
cure rate of 8 per cent of the total treated 
and when added to the 68 per cent repre- 
sents 76 per cent improved. 

Seventy-two per cent of all treated cases 
showed a reduction of sedimentation rates 
after therapy. Table viii shows the reduc- 
tions in tlie 10 most improved patients. 

Table ix shows the evidence of objective 
results obtained on follow-up records, sep- 
arating the findings into stages of the dis- 
ease. From this analysis it is obvious that 
the main effects of roentgen therapy are 
reduction of pain, stiffness, and paraverte- 
bral muscle spasm; spinal motion and chest 
expansion are increased, but all results are 
best in the earlier stages of the disease. The 
reduction of pain, stiffness, and paraverte- 
bral muscle spasm allows orthopedic cor- 
rection of the otherwise inevitable deform- 
ities to be tolerated. 


Table IX 

RESULTS 

Reduction of pain, stiffness (144; 90%) of total 160 
Stage 1— all 60 cases, or 100% 

Stage a— 53 of 58 cases, or 91% 

Stage 3—31 of 38 cases, or 8a% 

Increase in spine motion and chest expansion (9^5 
57%) of total 160 

Stage I — 49 of 60 cases, or 81% 

Stage 2—40 of 58 cases, or 69% 

Stage 3— 2 of 3B cases, or 5% 

Relaxation of paravertebral muscle spasm (102; 
64%) of total 160 

Stage I — 50 of 60 cases, or 83% 

Stage 2 — 46 of 58 cases, or 79% 

Stage 3 — 6 of 38 cases, or 16% 

13 patients were definitely rehabilitated and returned 
to gainful occupation — 10 of these were in Stage 2. 
3 were in Stage 3. 

108 patients, or 68%, answered stating they could do 
more work than before treatment. 

Table x gives the definite duration of 
follow-up records without recurrences since 
the last series of deep roentgen treatments. 
A follow-up letter was sent to each treated 
patient. One hundred and eighteen of the 
160 treated patients replied. Ninety-nine 
cases, or 60 per cent, answered they were 
better; that is, free of pain, less stiff, and 
able to do more work. Nineteen patients re- 
plied that there had been a recurrence of 
the pain, stiffness, and fatigability and that 
they wanted more treatment. 

Of the treated patients without recur- 
rence, it is interesting that ao per cent are 
symptom free for over one year since the 
last roentgen treatment. 

Table X 

FOLLOW-UP WITHOUT RECURRENCE 


Table VIII 

SEDIMENTATION RATES IN lo IMPROVED CASES 

72% of all cases showed reduction .after 
roentgen therapy 

Before ^^/ 36 / 48 / 34 /i 8/1 5/38/21 744 
30/19/26/12/20/10/ 6/20/10/25 
TFeltmann Coagulation Band 

Accurate determinations only on 40 cases, or 25% 
23 determinations were below 6 
17 determinations were above 6 


Time 

No. Cases 

Total Treated 

6 wk.-6 mo. 


per cent 

S 8 

36 

6-11 mo. 

22 

13 

I- 2 yr. 

10 

6 

2- 3 yr. 

6 

3 

3 yr. 

3 

\j 

2 


99 

60 


ifiere nas been definite recurrence and poss 
advance of the disease in 19 cases, or 12% o 
treated cases, 
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discussion 

Early diagnosis of ankylosing spondylar- 
thritis offers seeming retardation of the 
progress of this disease if roentgen irradia- 
tion and orthopedic treatment are promptly 
instituted. Roentgen irradiation has a defi- 
nite place in the treatment of this disease, 
but is not adequate by itself. The greatest 
value of roentgen therapy is that it allows 
orthopedic correction and prevention of the 
otherwise inevitable deformities to be tol- 
erated because pain, stiffness, and paraver- 
tebral muscle spasm are reduced. Spinal 
motion and chest expansion are improved. 
Elevated sedimentation rates are usually 
reduced and Weltmann coagulation bands 
approximate normal. The pulse rate de- 
creases, hemoglobin rises, and patients be- 
gin to gain weight. Some totally incapaci- 
tated patients can be rehabilitated by such 
combined therapy. 

The pathological granulations of Marie- 
Striimpell disease are similar to the vascu- 
lar granulations of other inflammatory re- 
actions known to be radiosensitive. The 
question whether or not roentgen therapy 
arrests tlie production of this granulation 
before ankylosis develops cannot be an- 
swered. It is felt, however, that if roentgen 
therapy can be instituted early while there 
is still active granulation (and not complete 
ankylosis) the best results may be expected. 
Arrest of the production of the granulating 
pannus is not too much to hope for and 
roentgen therapy in carefully applied scries 
as indicated might play a considerable part 
in this. If this is the mechanism of roentgen 
reaction, then arrest of early cases before 
disabling deformities occur should be pos- 
sible by combined roentgen irradiation and 
orthopedic treatment. Such a regimen offers 
hope of more satisfactory results in Maric- 
Striimpell disease than cither therapeutic 
measure used separately. 


references 

I. Baker, L. D. Rhizomelic spondylosis,' 
pacdic and roentgen therapy. 7. Baiu cf 
Siir^., 194 ^,.?./, ^ 27 - 830 . 


M t - ''spondylarthritis; 

.Mane-Strumpell arthritis. Roentgen .i„d 


3. Rackberg, ] N. Differential Diagnosis of 
Chronic Arthritis. .Second edition. Xntrition 
Research Laboratories. 


4. Cecu.,R.L. I est-BookofMedicine. Sixth edition 

5- COATE.S, _V., and Demcati, L. Rlieiimatoici 
Arthritis and Its Treatment. H. K. Lewis & 
Co., Ltd., London, 1931. 

6. Dawson-, M. H. Chronic Arthritis. Loose Leaf 

Medicine, Thomas Nelson &: Sons, New York, 
Vol. 5. ’ 

7. I'ORESi lER, f . Importance of s.acro-iliac changes 

in early diagnosis of ankylosing spondylarthri- 
tis; Marie-Striinipcll-Bcchtcrcw disease. Raiit- 
1939, JJ, 389-402. 

8. Fried, C. Rontgentherapic dcr Arthritis. Sint- 

leniherapk, 1934, ./p, 634-675. 

9. Hei.lebrand, A. Ziir Arthritishehaiidlung. 

StriMoitherapie, 1934, 676-677. 

10. Kahi.meter, G. Roentgen treatment of arthri- 
tis. Hrit. J. Actiuotherapp^ *930,3', 93-95. 

Ji. Kovacs, j. Surface temperature and minute 
blood vessels of skin in arthritis. 7- /'/*«• 
Ass., 1933 , JOO, 10i8-'I021, 


12. Nissen, H. a., and Sbencer, K. A. Sugar toler- 

ance in the arthritic. AVw Eu^Jauii J. Mni., 
1934,^/0, 13-19. 

13. Nissen, H. A., and Spencer, K. A. Arterio- 

sclerosis in the arthritic. New Rn^kud J. 

74, Nissen, H. A., and Spencer, K. h. .'Arthritis 
and sj’stcmic invo]vcmcnt ns exemplified in 
group of dead arthritics. AVre EuNemd J. 
Med., 1934, 210, 147-/49- 

15. Pemberton, R. Arthritis and Rheumatoid Con- 

ditions. Second edition. Lea Se hchiger, Phila- 
delphia. 

16. Sco-iT, S. G. X-Rays in chronic rheumatic ardirj- 

tis; diagnosis, prognosis and treatment, {iril. /. 
Phys. Med., 1935. 20, 127-128. 

17. .Smvth, C. j., Frkvberg, R. II., and Lampe, I. 

Roentgen therapy for rheumatoid arthritis of 
the siiinc (Marie-Striimpell arthritis; spondy- 
litis rhi'zomcliqiie). 7- ^hn. M. Ass., 1941, iij, 

826-83*- ,, , . 

iS Steinberg, C. L. Pathology of atrophic arthri- 
tis. 7. Im/o & Cliti. Med., 1942, -7. A.p: 4-J.I- 
19. Swaim, L. T. Orthop.acdic treatment of Striim- 
jiell-Maric arthritis. 7- Cf Jfdsil -''ny-, 


J939.-?L 983-99‘- , ,, 

20. 'rosciiKE, G. Zur Kdntgenhestrahhmg von (n- 

lenkerkrankiingcn. SirMemhenipie , i'/4>.7^^ 

21. W^iiV^Y L. Chronic infective .and osuoaifhn- 

tis; treatment hy dctr[> therapy. M. ness, 1042. 


^ n $, 203-205. 



Roentgen Irradiation of Marie-Striimpell Disease 289 


DISCUSSION 

Dr. Fred J. Hodges, Ann Arbor, Michigan. 
It has been a great pleasure to have the oppor- 
tunity to read the paper by Dr. Hemphill and 
Dr. Reeves, and although my personal connec- 
tion with the work published by the men from 
the University of Michigan is only slight, I have 
talked it over in detail with Dr. Lampe of our 
department who was one of the original pub- 
lishers. He was gratified to learn of the intensive 
studies which have been carried on by these 
authors. There is little that I can add to what 
Dr. Hemphill has given you, except to compli- 
ment him on a very thoroughgoing analysis of 
the situation. His findings are very encouraging 
because the results are so tangible and so 
gratifUng. 

The dosage that we are giving at the present 
time is a little smaller and is carried out over a 
slightly longer period of time. We fractionate 
the dosage a little more minutely than he does; 
this is purely a matter of choice and one that 
has to do with our local situation. We have not 
been closely in touch with what the orthopedic 
department has been doing in the way of physi- 
cal therapeutic measures as an associated meth- 
od of treatment. The comments about opening 
the door to more elaborate orthopedic treat- 
ment are certainly very interesting and I am 
sure must be effective because oftentimes pa- 
tients seen at the outset are in no condition to 
endure any sort of manipulation or exercise. 

Dr. Lampe asked that I make this one com- 
ment or observation for him: Until this sort of 


work began, none of us realized the great fre- 
quency with which this disease is encountered 
in medical practice. We are seeing a great many 
more young people in the full vigor of life with 
the early, painful manifestations of this disease 
than were ever before believed to exist. I 
imagine that some little modicum of relief from 
extremely painful symptoms has started the 
parade and now such patients trickle in to us 
through our Arthritis Research Institute, 
where they are very carefully studied. 

It is surprising to me that if this disease is 
so common as we now find it to be, we have not 
seen a great many more examples of the ad- 
vanced stages which are so characteristic in 
roentgenological appearance. In any large hos- 
pital where numbers of patients with chronic 
illnesses are treated along with those who are 
acutely ill, it would seem that we would more 
often encounter the end-results than has been 
the case in the past. That raises the question as 
to the actual course of Marie-Striimpell disease 
once it starts. Perhaps all patients do not ul- 
timately acquire the rigid bamboo type of 
spine that we display to students. It may be 
that the disease is in part self limited and that 
some people never go on to that far advanced 
stage. I don’t know. In any event, this is an 
encouraging additional activity for radiation 
therapists and one which has certainly gone be- 
yond the stage of unfounded hopefulness. It 
does produce results and it does put people back 
into active service for a varying length of time. 
Whether it can accomplish permanent cure will 
remain to be seen. 
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INFLUENCE OF BIOLOGICAL FACTORS ON THb 2 

OF ROENTGEN-RAY SURVIVAL CURVES 

EXPERIMENTS ON PARAMECIUM CAUDATUM 


By A. BACK AND L. HALBERSTAEDTER 
From the Department oj Radiobiology, Cancer Laboratories, The Hebrew University 

JZRVSALEM, PALESTINE 


A S HAS been shown in experiments on 
^ Eudorina elegans, by Halberstaedter 
and Luntz/ the immediate lethal radium 
dose for different individuals of a biological- 
ly highly homogeneous population in stand- 
ard conditions varies within a narrowly 
restricted range only. 

In a related Volvox, Pandorina moruni, 
we have found® that the immediate lethal 
roentgen-ray dose varies among different 
individuals of a mass culture in the range 
from 400,000 to 600,000 r, but is constant 
for all members of a single colony. 

In order to obtain further information as 
to the radiobiological behavior of im- 
mediate or remote descendants of one 
parent, and in order to evaluate more 
closely the influence of biological factors on 
mortality curves, experiments on a more 
extensive scale were desirable. Paramecium 
caudatum^ which has been used by us for 
many years for radiobiological studies,^ was 
selected for this purpose. 

TECHNIQUE 

Roentgen Tube. The irradiation was car- 
ried out by means of a demountable roent- 
gen tube, which was operated at 35 kv. and 
a current of 20 ma., using a copper anti- 
cathode. The window consisted of an 
aluminum foil of jop thickness. Absorption 
analysis showed that the rays, which pene- 
trated through the window foil and through 
the mica cover-glass, were mainly copper 
K rays. The intensity of the roentgen rays 
was about 90,000 r per minute at the dis- 
tance of the irradiated subject. 

Test Organism. Paramecium caudatum 
was cultivated in a mixture composed of 
two parts of a standard hay infusion and 
one part of soil extract (prepared according 


to Pringsheim*-). Pact, coli were added to 
this medium for nutriment. 

The cultures were maintained in a 
thermostat at 25° C. In these conditions 
cell division occurred at intervals of eicht 
to ten hours. The stock cultures were main- 
tained in Boveri dishes in 1 5 cc. of nutrient 
medium and were transferred fortnightly. 

Irradiation was carried out in small drops 
of water under mica slips of known thick- 
ness. The volume of the drop was between 
1-5 and 2.0 mm.® and its depth o,2-o.3 mm. 
As a protection against evaporation the 
drops were covered with a larger drop of 
paraffin oil and fixed as hanging drops by 
means of vaseline in the chamber of a hol- 
low ground glass slide. 

Preliminary experiments showed that 
specimens of Paramecium caudatum are 
able to multiply normally within the drop 
of the size employed in the irradiation ex- 
periments, and therefore that the para- 
mecia are not affected by the smallness of 
the drop during the brief in terval of time 
required for irradiation. 

The radiation was applied in successive 
steps of 50,000 or 100,000 r, and the organ- 
isms were examined at low magnification 
after each stage of irradiation. 

Doses of 100,000 r were without visible 
effects. The action of irradiation on the 
organisms first becomes visible in the al- 
teration of the manner of their movement. 
This change becomes clearly manifested 
when one-half of the immediate lethal dose 
(I.L.D.) has been applied. Ciliar movement 
then loses its normal coordination, the cilia 
fail to move in unison, and the paramccia 
swim irregularly backward and forward. 
With ureater doses movement is brought to 
a complete standstill, and after a brief time 
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cytolysis always occurs. Complete cessation 
of movement therefore serves as an indica- 
tion of the impending death of the organ- 
ism. The immediate lethal dose is accord- 
ingly defined for Paramecium caudatum as 
that dose which produces complete cessa- 
tion of motility within ten to fifteen 
minutes after irradiation. 

It was necessary to determine whether 
roentgen irradiation with the doses em- 
ployed by us causes alterations in the 
nutrient medium, which have a toxic effect 
on the paramecia. 

Piffault,^^ Taylor, Thomas and Brown,^^ 
and others, have shown that a large dose of 
roentgen rays may produce products, prob- 


drops prepared as has been described. The 
number of specimens irradiated in any one 
of the clone experiments was not greater 
than twelve. 

In the family experiments, a single mem- 
ber of a clone was removed and cultivated 
in a hollow ground glass slide in 0.7 cc. of 
the culture medimn at 2 ^° C. When 4-8 
individuals had formed, irradiation was ap- 
plied as described above. The number of 
individuals in any family so prepared was 
8 or less. 

RESULTS 

I. Clone Experiments . The lethal dose for 
different individuals of a single clone was 


Table I 


PERCENTAGE MORTALITY AFTER IRRADIATION 


100,000 r 

; 200,000 r 

300,000 r 

i 400,000 r 

500,000 r 

600,000 r ' 

700,000 r 




M.C. 


M.C. 

F. 

M.C. 

F. ! 

M.C. F. i 

1 

M.C. 

F. 

0 0 

3-0 

6.6 


1 

39*4 i 

73-5 

77-7 i 

93-8 

96.3 

1 

99.0 99-1 1 

1 100 

100 


* M.C.=Mass culture, 750 specimens in all. 
t F.=io7 faniilies, 4-8 specimens in each. 


ably peroxides, toxic for Paramecium. The 
culture medium employed by us, even after 
irradiation with doses up to i million roent- 
gens failed to exert a toxic effect on the 
paramecia. 

The main experiments fall in two groups. 

1. Clone experiments. 

These were carried out on cultures three 
or more days old, i.e. on offspring remote 
from the common parents by at least six 
generations. 

2. Family experiments. 

These comprised individuals remote 
from the common parents by no more 
than three generations. The number of 
specimens tested in any one of these 
experiments was consequently never 
greater than eight. 

In the clone experiments a number of 
randomly sampled members of a clone 
were transferred from a culture, three or 
more days old, by means of a pipette, into 


found to be variable. Application of 

200.000 r caused death in a small percentr 
age of the irradiated population, ^fith in- 
crease in the dosage this percentage rises. 
At 600,000 r, almost all the irradiated 
specimens die. All survivors of this treat- 
ment died after the dcse was increased to 

700.000 r. The dose which produces a 50 
per cent mortality rate lies between 
35C'jOoo and 400,000 r. The findings are 
given in Table i, which presents the full 
data for 112 typical irradiation trials, com- 
prising a total of 750 organisms. It is clear 
from the reported results that different 
members of a clone, irradiated in the same 
drop, are killed at different dose levels, and 
further, that the distribution of the im- 
rnediate lethal dose values among the in- 
dividuals of a drop varies from one drop to 
another. 

Figure I shows the results of these experi- 
ments plotted as a survival curve. The 
shape of the curve (unbroken line) is typi- 
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cally sigmoid and corresponds to the sigma 
curve obtained by different investigators 
for biological materials of a wide variety of 


‘y 

/£> 



a. Family Experiments. In these experi- 
ments different immediate lethal doses were 
found for different drops. The immediate 
lethal doses must therefore be variable from 
family to family. The range of the varia- 
tions was the same as tiiat encountered 
previously in a clone. All individuals of any 
given single family, however, in funda- 
mental contrast to the findings for individ- 
uals in a clone, die at the same dose level. 
Differences in radiosensitivity are therefore 
inter- rather than intra-familial. 

The results of trials comprising 107 
families have been plotted in Figure i as a 
survival curve, the family being regarded 
for the purposes of this curve as a single 
unit independently of the number of in- 
dividuals of which it is in fact composed 
(broken line, Fig. 1). The plotted curve 
possesses, as was to be expected, the same 
form as the curve found for clones. 

The results of 20 family irradiation ex- 


P periments are set forth in detail in 'I able n. 

^ Each horizontal column of the table shows 

types; e.g., Crowther® with Colpidium col- survivals within a family at different doses. 
poda; Holweek and Lacassagne® with Sac- The dose which produces death 
charomyces; Zuppinger^^ with bean root and radiated specimens within a single family 
Ascaris eggs; Braun and Holthusen^ with is sharply marked off from a dose level im- 
eggs of Ascaris and Drosophila. mediately below, which is uniformly non- 


Number 
No. of 

Individuals 


1 8 

2 5 

3 (> 

4 8 

5 7 

6 8 

7 « 

8 6 

9 7 

JO 8 

11 4 

12 5 

13 ^ 

14 4 
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5 

6 
8 

7 

8 
8 
6 
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8 

4 
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7 

8 

4 
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8 

4 
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Table II 

EXrERIMEN'T.S OS FAMILIES 

Number of individuals alive after a dose of 
300 350 400 450 500 550 
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lethal for all individuals of the same famli)^ 
In order to meet the objection that this 
result may have been affected by the fact 
tliat, in the technique employed, only _ a 
small number of individuals had been ir- 
radiated in a single trial, an experiment 
with identical technique was run on ran- 
domly selected members of a clone. The 
results of this check are shown in Table ill. 
Here again, each horixontal column sum- 
marizes a single simultaneous irradiation 


From considerations on the discontinu- 
ous random distribution of absorption in an 
object irradiated with roentgen rays, Des- 
sauer, Blau and Altenberger^ were able to 
construct curves based on probability calcu- 
lations, which are similar in shape to tlie 
mortality curves experimentally established 
for a variety of biological objects. This 
finding induced Dessauer to formulate his 
“point heat” theory. 

Crowther, who has treated this problem 


Table III 


EXPERIMENTS ON CLONES 




Number 


Number of individuals alive 

after a dose of 

No. 

of 

Individuals 
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400 
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600 700 thousand r 

I 
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4 
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4 
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1 
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7 

5 

5 
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8 

6 

6 

6 

3 

0 


9 

7 

7 

5 

1 

0 


lO 

7 

7 

6 


0 


1 1 

4 

3 

•n 

v> 

»*) 


0 

12 

6 

6 

6 
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0 

13 

6 

6 

0 

n 

I 

0 

14 

6 

6 

5 


0 

0 

K 

7 

7 

6 

5 

1 

1 0 


experiment. It is evident from tlie tabu- 
lated results that despite the use of small 
samples randomly selected, members of a 
clone, in contradistinction to members of a 
single family, are generally found to die at 
different dose levels. 

Deviations from the behavior pattern, 
which has been described, were exceedingly 
rare. 

DISCUSSION 

The fact that simultaneously irradiated 
different individuals of one species do not 
die with the same roentgen-ray dose was 
originally ascribed to individual differences 
in radiosensitivity. Dessauer ,= on the other 
hand, attempted to explain this phenome- 
non m purely physical terms. 


extensively, similarly based his considera- 
tions primarily on the random discontinu- 
ous nature of roentgen-ray absorption. The 
prerequisite of effective radiation action on 
biological systems, according to Crowther, 
is the “hit” of a sensitive structure in the 
cell by radiation. He defines “hit” as the 
production of a pair of ions ivithin a sensi- 
tive zone in the cell. 

It has been pointed out, in criticism of 
these attempts, that the experimentally de- 
rived mortality curve could also be ade- 
quately explained in terms of biological 
variation alone. The mortality curve, ac- 
cordingly, could be regarded simply as a 
curve of biological variation. 

In the case of sigma-shaped mortality 
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curves, the latter interpretation must be 
regarded as acceptable, since differentiation 
in this case between the relative validity of 
the physical and the biological interpreta- 
tion is not possible. Crowther himself, in his 
critical examination of his experiments with 
Colpidium colpoda, made the following 
statement: If we assume that on an aver- 
age a Colpidium requires a dose of 3,26 me. 
to produce immediate death, but that ow- 
ing to biological variations among the 
specimens some individuals require more 
and some less than the average, then, if 
these variations from the mean follow the 
usual law of errors, we should get a survival 
curve (the measure of precision being suit- 
ably adjusted) which would not be dis- 
tinguishable from the experimental curves, 
within the limits of accuracy of these ex- 
periments. The difficulty is due to the large 
value of n in these Experiments.” (n=num- 
ber of hits.) 

Meissner^'’ has modified mortality 
curves calculated from physicomathemati- 
cal theory on the basis of a Poisson distri- 
bution. It is not readily evident, however, 
whether and to what degree it is possible to 
determine the role played by the biological 
factor in die form of an experimentally de- 
termined S-curve of roentgen-ray damage. 
If the mortality curve calculated for a 
given number (n) of hits is modified in ac- 
cordance with the method suggested by 
Meissner, a curve is obtained which is 
identical with that calculable for a different 
value of n without reference to biological 
variation (Glocker®). 

These objections do not hold, however, 
for exponential mortality curves where 
n=i, such as have been obtained, for in- 
stance, in irradiation experiments on bac- 
teria and viruses. 

In the present investigation we have at- 
tempted to assess the significance of the 
biological factor experimentally by tests of 
the effect of roentgen rays on a selected 
biological species. Specimens of Para- 
mecium caudatum have been subjected to 
various doses of roentgen rays under uni- 


form experimental conditions, and by these 
means the immediate lethal dose for in- 
dividuals irradiated has been determined. 
In simultaneous irradiation of numerous 
paramecia in the same drop and under the 
same conditions different behavior is ob- 
served among individuals of clones or of 
families. Members of clones die at different 
roentgen-ray doses, members of families die 
at the same time. 

In view of the reproducibility of this re- 
sult with rare exceptions in an extensiv'^e 
series of experiments, it is valid to conclude 
that for Paramecium caudatum, at least, 
biological variability plays a significant 
role in determining the shape of the mor- 
tality curve. The extent of this influence re- 
quires further experimental elucidation. It 
is our belief, however, that the test method 
employed by us renders the influence of 
biological variability on roentgen-ray mor- 
tality curves accessible to experimental 
trial. 


SUMMARY 

1. Experiments have been carried out to 
determine the difference in roentgen-ray 
susceptibility between immediate (family) 
and remote (clone) descendants of a single 
parent. 

2. The immediate lethal dose of roentgen 
rays for different individuals of Paramecium 
caudatum in a mass culture varies between 
200,000 and 700,000 r. The immediate 
lethal dose for different families of Para- 
mecium caudatum also varies between 
200,000 and ’]oo,oco r. The roentgen-ray 
mortality curve is sigmoid. 

3. Irradiated in the same drop, members 
of a clone died at different roentgen-ray 
doses; under the same conditions, members 
of a family always died at the same dose, 

4. The different behavior pattern ol 
specimens of a clone or of a family, re- 
spectively, when simultaneously irradiated 
can only be explained on the basis of bio- 
logical variability, the variability m radio- 
sensitivity being greater between members 
)f a clone than between membens ot 
'amily. 
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CALCULATION OF RADIUM DOSAGE ALONG THF 
LONGITUDINAL AXIS OF LINEAR SOURCES=*= 

By BERNARD S. WOLF, M.D. 

NEW YORK, NEW YORK 


TN PREVIOUS articles, the results of 
^ calculations of radium dosage for linear 
sources in gamma roentgens were pre- 
sented. The problem of calculating the dose 
beyond the end of a linear source along a line 
continuous with the longitudinal axis of the 
linear source (such as P2 in Fig. i) was, 
however, not considered. In some cases, it 
is necessary to know the dose along this 
axis, at least approximately. For example, 



Fig. I. Pj is a point on the longitudinal axis of a 
filtered linear source. Fi is a point a short dis- 
tance from the longitudinal axis. To reach Pi, 
radiation traverses the thickness of container wall 
at the end. To reach Pi, radiation must pass 
obliquely through a considerable thickness of the 
side wall of the container. 

in the conventionalized arrangement of the 
intrauterine radium capsules in tandem, 
the external cervical os and the rectal mu- 
cosa point lie on the longitudinal axis of the 
linear radium sources. The rectal dose is of 
considerable importance in the treatment 
of cancer of the cervix and, in some cases, 
may be the factor limiting the total amount 
of treatment. 

It has been more or less assumed that the 
amount of radiation beyond the end of a 
tube is small and may be neglected for prac- 
tical purposes.'" This is certainly not gen- 
erally true. Experimental investigations of 
the “end effects” of radium capsules by au- 
toradiographic methods have been made by 
Mazeres,® Gueben,-'" and Mayneord.® The 
radiographs show a zone of considerable in- 
tensity along the longitudinal axis, sur- 
rounded by a ring of distinctly less inten- 
sity. This result was anticipated by a con- 
sideration of the paths taken by radiation 


to reach a point on the central axis (P., 
Fig. 1} and a point a short distance awav 
from the central axis (Pi, Fig, i). To reach 
P2, the radiation traverses a certain length 
of radium salt and the thickness of the con- 
tainer at the end of the capsule. To reach 
Pi, the radiation must pass obliquely 
through a considerable length of container 
material on one side of the capsule. Since 
the absorption by radium salt as packed 
within tubes is less than the absorption by 
metals like platinum (about one-tenth), the 
amount of radiation absorbed by the tube 
itself is considerably greater for rays reach- 
ing Pi than for those reaching P2 and the 
intensity at P2 will therefore be greater 
than the intensity at Pi. The width of thi.s 
region of relatively high dosage on the 
longitudinal axis depends on the diameter 
of the tube and the distance from the end 
of the tube. The existence of this region of 
high intensity is of particular significance 
when the dosage at points of maximum 
tolerance is to be calculated. 

Experimental determination of radium 
dosage along the longitudinal axis by ioni- 
zation methods is extremely difficult be- 
cause the size of the smallest available ion- 
ization chamber is large compared to the re- 
gion in question. Autoradiographic meth- 
ods are in general not satisfactory because 
of the difficulty in obtaining consistent re- 
sults and because of the uncertainty as to 
the relationship of blackening to the inmn- 
sity of the primary gamma radiation. The 
isodose cunms usually given for linear 
sources do not show the region of relatively 
high dosage along the longitudinal axis. 
The isodose curt'-es for the (unspecified) lin- 
ear source investigated by Gueben"' and the 
qualitative isodose curves m a diagram 
published by Tod and Mered.tlff were the 
onlv ones found which showed the outward 


* From the Dep.'.rtment of Radiotherapy, Mount Sinai Hospital. Netv York. 
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bulging along the longitudinal axis and its 
immediate neighborhood. 

A mathematical metliod to calculate the 
dose on the longitudinal axis was described 
by Sievert.^" Mayneord and Honeyburne^ 
also calculate dosage on tlris axis by assum- 
ing the linear source to be represented by 
multiple point sources. The most uncertain 
factor in tliese calculations is tlie absorp- 
tion in the radium salt itself. This will vary 
with the closeness of packing and the exact 


source (Mayneord,'’-® Goldhaber and Grif- 
fith") shows a difference of about 10 per 
cent. In view of the errors of both methods, 
this is surprisingly close agreement. The 
method of Sievert was simplified so tliat the 
final result is obtained by multiplying the 
dose for an unfiltered linear source by a fil- 
tration factor depending on the thickness of 
the container at the end of tire capsule or 
needle. 

The dose for tlie unfiltered source is 


R^/MG. HR. ON LONGITUDINAL AXIS, NO FILTRATION 


20 30 40 



10 907654 3 Z 

L= ACTIVE LENGTH, CM. 
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Fig. 2 . Graph giving the dose at points along the longitudinal axis of an unfiltered linear source. Each curve 
corresponds to a given active length. The vertical coordinate is the distance from the point at which the 
dose IS to be calculated to the near (active) end of the linear source. The horizontal coordinate is the dose 
jn gamma roentgens per milligram-hours. 


chemical structure and degree of purity of 
the radium salt used. The results of these 
calculations can therefore be only approx- 
imate unless these factors are known, but 
the degree of accuracy is probably suffi- 
cient for clinical purposes. Benner’- claims to 
have confirmed the validity of the Sievert 
formulae by experimental means. Compari- 
son of the figures given below with the re- 
sults of ionization methods at points on the 
longitudinal axis some distance from the 


found from Figure 2. Each curve of the 
family of curves of this graph represents a 
different active length. The vertical co- 
ordinate is the distance between tlie point 
at which the dose is desired and the near 
(active) end of tlie linear source. The dose 
m gamma roentgens per milligram-hour is 
read on the horizontal axis. The data were 
plotted on logarithmic graph paper in order 
to include a large range witli the same ac- 
curacy tliroughout. 
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The container material was assumed to 
be platinum. For other materials, tlieir 
platinum equivalents may be used. The 
data for Figure 3 were plotted on semi- 
logaritlimic graph paper. On the horizontal 
axis is found the thickness of tlie container 


we 


% FILTRATION FACTORS 
100 



mm. OF PLATINUM 
CM. OF RADIUM SALT 


Fio. 3. Graph for The 

centage of the ^ahie f millimeters of 

thickness of the end ^ jg found on the 

platinum (or platmurn^equw^^^^^^ 

horizontal ^ ‘ , ,,hich passes along the 

vertical axis. If tire ra) salt 

suitable factor. ^ 

wall at tlie correc- 

meters of o Lltiply the dose 

tion factor, as found from 
from the unfil ered somce.^.^^^ 

Figure a, is re ^ ^ e 

Example / an overall length o 

with active length 2.0 cm., 


2.4 cm., and filtration of 2 mm. of platinum at 
each end. 

To find the dose per milligram-hour at a 
point 4.0 cm. from the active end of this source 
along the longitudinal axis. 

Active length=Z.=2.o cm. 

Distance to (near) end=f/=4.o cm. 

If the source were unfiltered, from Figure 
find that the 

Dose per milligram-hour =0.33 gamma roent- 
ge»- f , • 

Filtration at end=/=2 mm. of platinum. 
From Figure 3, for this thickness of platinum, 
the filtration correction factor is 75 per cent. 

For the given filtered source, then, 
Dose=dose for unfiltered source X filtration 

factor. 

Dose per milligram-hour = (0.33) (0.75) 

=0.248 gamma roentgen. 

To calculate the dose from a linear source 
at a point on its longitudinal axis when an- 
other linear source is present on the same 
line between the source and the point in 
question, as in a coaxial tandem_ arrange- 
ment of capsules, the procedure is similar 
to the abovl The only difference is that, > i 
obtaining the filtration factoi, the ad 

aonaimiationofdKendsofAy.^^^^^^^^ 

ing capsule and of ,ts radium salt must W 

induded. By pure “'""tSt uer S 
fbnt the absorption coefficient per mim 

t ter of ptf.nL is tire same as t « a - 
merei ui y „ . centimetei of 

sorption oo®fficie P^^^ jij^tion factor 

radium salt (see )_ therefore be deter- 
in this type of case may tlieieior 



end of-P™ s™- in mV » 

„i„ed from the same curved- 

the previous case. number 

meters of ?>'“'"!’ ™diom tltpresenton the 

Ltral axis between Ire „ 

original linear source 
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which the dose is desired. An example will 
make clear how simple tliis procedure is. 

Example 2 (Fig. 5)- Given a linear source 
with active length 1.0 cm. and filtration at the 
end equivalent to a.o mm. platinum. Between 
this capsule and the point at which the dose is 
desired is another capsule in coaxial tandem 
arrangementj with an active length of 2.5 cm. 
and filtration at each end equivalent to 2 mm. 
of platinum. 

To find the dose at a point 4.0 cm. from the 
active end of the original capsule along its 
longitudinal axis. 

For an unfiltered source with active length 
2.0 cm., at a distance of 4.0 cm. from its end, 


P=number of milligram-hours; 
active length in centimeters; 
linear absorption coefficient of the radium 
salt; 

7/ = linear absorption coefficient of container 
material; 

/^= distance to near (active) end of the 
linear source; 

/= thickness of container wall at end of 
tube; 



To convert the Sievert unit of dosage into 
gamma roentgens, the figure 9.0 was used 
(Neary,® Mayneord and Honeyburne^). 
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Fig. s- Another capsule, £ 2 , in coaxial tandem arrangement. The filtration correction factor is obtained by 
adding, /i, h and /s in mm. to £.2 in cm. The filtration factor is found from Figure 3 for this summated 
“thickness.” 


we find from Figure 2, as in the previous 
example, that 

Doseper milligram-hour = 0.33 gammaroentgen. 

To obtain the filtration correction factor, the 
thickness of all material between the (active) 
end of the unfiltered source and the point P 
must be added — mm. of platinum plus cm. of 
radium salt. 

I'i+/2+/3+P2=2.0+2.0 + 2.0-(-2.5==8.5 
From Figure 3, the filtration factor for this 
“thickness” is 33.5 per cent. 

Dose per mg-hr. of the original capsule 

= (0.33) (0-335) 

=0.1 1 1 gamma roentgen. 

Of course, if the dose at the same point per 
milligram-hour of the intervening capsule is 
required, this is calculated as in Example i . 

MATHEMATICAL CONSIDERATIONS 

The formula given by Sievert^® for dosage 
along the central axis is 

Dose=~ 

The unit in which the dose is expressed is the 
amount of radiation at i cm. from a i mg. point 
source of unfiltered radium element in 1 hour. 


The figure 0.15 per cm., determined by 
Sievert^® for 90 per cent water-free radium 
sulfate moderately well packed was used for y. 

The mean linear absorption coefficient of 
platinum for gamma radiation filtered by 0.5 
mm. point was taken as 1.5 per cm. since this 
seems to be the best average value available at 
present."'® In constructing the graph of Figure 
3, the decrease in absorption coefficient with 
increasing thicknesses of platinum was included 
by utilizing the slopes of the curve calculated 
by Sievert’® from experimental values of Kohl- 
rausch. 

The table of integrals was extrapolated for a 
short distance to include points close to the end 
of the linear source. Secondary beta radiation 
from the metallic container does not contribute 
any significant ionization beyond 2 or 3 mm. 
from the surface of a capsule.®'"' 

SUMMARY 

The 1 esults of calculations of radium dos- 
age in gamma roentgens along the longi- 
tudinal axis of linear sources are presented. 
The method used was that described by 
Sievert but substituting a more recent 
value for die absorption coefficient of 
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platinum. The accuracy of these calcula- 
tions is limited by uncertainties in the val- 
ues of the absorption coefficients, but ex- 
perimental methods for determination of 
dosage in this region are as yet unsatisfac- 
tory. The usual isodose curves are either in- 
accurate or omit entirely the dose along the 
longitudinal axis. The intensity of radiation 
along this axis is greater than the intensity 
in the immediate surrounding region and 
should not be neglected. 

I East looth St., 

New York 29, N.Y. 
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WARTIME RADIOLOGY AND PEACETIME PROBLEMS* 


T he Surgeon General of the Army has 

3 i.-w ^ /■•o -t" nf 


vJUlgOWll VJUllv-AMrA Kyx 

— assigned me to the pleasant duty of 
representing the Medical Department, 
Army of the United States, at this meeting 
and I am glad to have a share in this recog- 
nition of radiology’s importance in military 
medicine. I consider it a high honor, not 
only to have the rare privilege of represent- 
ing the Office of The Surgeon General but 
also to be here as the personal representa- 
tive of the man who holds that office, Major 
General Norman T. Kirk, and I am happy 
to bring you his cordial greetings and best 
wishes for a successful meeting. 

It may be fitting at this time to rpiew 
the measures that became necessary m se- 
curing an adequate personnel for the radio- 
logic service of a vast and rapidly expan - 
ing army and to consider the effect on radi- 
Sogic standards that is likely to follow 

demobilization of this . , • 

When it became apparent that this na- 
tion’s peace and safety were menaced b> 
ihe Axis powers, the United States began 
to expand its military ^ ^ 

measure. This increase 

a corresponding increase of 
^ ^ thp Armv including tne 

Department ol tne „^r>fradi- 

radiologic f 'L “ I'Uesponse was 

ologists was doubt, 

slow and insufficient, P““>> j,,f .u;. 

because it “irement in the 

country would , t,,[edical Corps 

war and that the need '“^'7 ^ed as 
for more radio ogists “777^^ ,e,st 
theoretical rather than ^wal or^at^^^^^_ 

as not pressing. ^ . J .^ected to care 

lished and large hosPit^ 

for the trainees. For tliese f 

, the loint Meeting of the American Roentgen Rat 
» ]>rescntcd at the Joint n-e , 

111., Sept. 24 - 29 . W-14- 


were not enough trained radiologists, but 
radiologic service had to be given. Young 
medical officers who had had only limited 
experience in radiology or even those who 
merely showed an interest in the specialty 
were assigned to this work. By study of 
texts and journals, by conferences with 
civilian radiologists located nearby and by 
cautious trial and error, most of tliese men 
gradually acquired enough skill to render 
excellent service. Indeed, some of them ap- 
plied themselves with such enthusiasm and 
diligence that they received high com- 
mendation, earned advancement in rank 
and successfully passed the examination 
prescribed by the American Board of Kadi- 

oloRV. 

Then came Pearl Harbor! We were at 
war, and the demand for radio ogists m the 
Army was plainly not only rea but urgwt 
Medical Reserve Officers tvho tad "ut 
previously been called were ort e 
duty, but their number was too small » 
have any substantial effect ; 

pendeuce had to be placed 
enlistments to fill required 
withstanding the thorough puhtah 

the emergency and Iv suBgcstivc 

direct appeals and .nduec , 

questionnaires, not ^time 

could be obtained. ^P^p'^l^rtionatcly 

the older radiologists u ‘ P ^1^^,,, 

larger representation m 
the younger men, but • 
ferred that the latter id* 

responsible for the dispar 
reasonable o her institution 

sidered and hospitals an. o e 

had- a valid clam, to an it 

Society .imi the RiuliologiciilSoc.Cv 
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mum of radiologic ser\dce. The difficulty 
arose in setting that minimum fairly m 
each community and thus preventing an 
abuse of privilege. Wiiatever the causes 
may have been, there was a serious and 
continuing shortage of competent radiolo- 
gists in the Medical Corps, and something 
had to be done about it quickly. 

Accordingly the Surgeon General, after 
careful consideration and with the ap- 
proval of his advisers, determined to insti- 
tute a program of intensive training of 
medical officers selected for radiologic serv- 
ice. Only medical officers who had some 
knowledge of radiology or showed a keen 
interest in it were chosen for training and 
the course of instruction was thoughtfully 
planned as to its length, breadth and ob- 
ligatory requirements. Under the able 
supervision of Colonel A. A. de Lorimier 
the candidates were given six weeks basic 
training at the Army School of Roentgen- 
ology, which at first was located in Wash- 
ington but later was moved to Memphis. 
Colonel de Lorimier arranged an excellent 
curriculum which consisted largely of di- 
dactic and practical training in the funda- 
mentals of radiology. His school has 
recently lengthened its course to twelve 
weeks and more clinical instruction has 
been added. In addition to the Army School 
of Roentgenology an advanced course in 
radiology was established at the Mayo 
Foundation at which the student officers 
were given twelve weeks intensive training. 
Those chosen to attend the advanced 
course were selected from among those 
showing unusual aptitude while in attend- 
ance at the Army School of Roentgenology 
or from those who had some previous expe- 
rience with, or training in, the use of 
roentgen rays. This course consists almost 
wholly of practical roentgenographic inter- 
pretation and roentgenoscopy. I have had 
personal contact with all those in attend- 
ance and I have found that practically all 
of the men who have been detailed to the 
Mayo Foundation for training seemed to 
have superior intelligence and zeal and a 
proper sense of their responsibility. 


On satisfactory completion of one or 
both of these courses these brevet radiolo- 
gists have been assigned to duties com- 
mensurate with their ability as nearly as 
that could be determined. Most of them 
were assigned to stations as assistants to 
experienced radiologists who had been 
given more responsible posts. That these 
novices have made good I can aver from 
direct and wide personal observation. In 
the performance of my duties as the Senior 
Consultant in Radiology in the Office of 
The Surgeon General I have visited the 
radiologic departments of more than two 
hundred Army hospitals all over the 
United States, and everywhere I went I was 
gratified to find that the intensively trained 
assistants were doing their work with re- 
markable efficiency. In a few instances that 
I recall with pleasure the assistant, who 
as a civilian had no experience with roent- 
genology, had become as proficient in diag- 
nosis as a veteran radiologist. That the 
novices are doing their work well is not 
only pleasing but important. In simple 
fairness, I want also to pay deserved tribute 
to the veteran experienced radiologists, for 
their leadership and ability has placed the 
radiologic work in the army on a high 
plane. In fact, in several Army hospitals 
the radiologic work is on a par with that 
done in our most renowned civilian institu- 
tions. A medical consultant in one of the 
service commands told me recently that 
when he makes his initial inspection of a 
hospital he invariably visits first the radi- 
ologic department and the clinical labora- 
tory in order to observe the quality of their 
work, for he is aware that the efficiency of 
the general diagnostic work of the hospital 
will be no higher than the ability of those 
responsible for the roentgenologic and clini- 
cal laboratory reports. 

At present there are in the Army ap- 
proximately 450 radiologists who have been 
certified by the American Board of Radiol- 
ogy and possibly 750 whose roentgenologic 
experience has been obtained in the Army, 
or who have had from six months to two 
years training before entering the Army. 
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In the Army every effort has been made 
to assign men qualified in radiology to a 
ra^oJogic department. Except for good and 
sufficient reasons every certified radiologist 
IS doing radiologic work. Among the excep- 
tions are those in the Regular Army who 
are expected to take administrative posi- 
tions during war time and other officers 
who have requested similar or other assign- 
ments for various reasons. 

More than 50 per cent of applicants cer- 
tified at the latest meeting of the American 
Board of Radiology (February^ 1944) 
in Army uniform. Of these a small number 
had just entered the Army after completing 
three years of graduate instruction and a 
small number had received all their experi- 
ence and training in the Army. A majority, 
however, had had from six months to two 
years’ training in civilian institutions fol- 
lowed by more or less training or experi- 
ence or both in the Army. This sample 
speaks well not only for the men chosen to 
do radiologic work in the Army but also 
for the opportunities afforded them by the 
Army. 

At the war’s end approximately 400 non- 
certified military radiologists, trained dur- 
ing and for the emergency, will face adjust- 
ment to peacetime conditions. These col- 
leagues of ours may possess extraordinary 
skill in the radiology of military injuries 
and diseases and their resulting complica- 
tions and sequelae and of certain diseases 
seen chiefly in foreign lands. On the other 
hand, they will be deficient or totally lack- 
ing in experience with radiation therapy 
and many general radiologic problems in- 
cluding a vast array of domestic diseases, 
especially those that are degenerative and 
chronic. No doubt most of these men will 
elect to continue in the practice of radiology 
either immediately or aRer further prepara- 
tion. . 

A preliminary study of a survey b) 

Lieutenant Colonel Harold C. Leuth 
cates that approximately half of the medi- 

• Leuth H. C. Future educational objectives of medical 
officers. M. Ass., 1099-110:5. 


SeI’TKHBT.R, 19^,. 

cal officers in the armed forces will desire 
further graduate training and that mo.st of 
this group will seek certification by spe- 
cialty boards. I am sure you will be inter- 
ested to know that they suspect that more 
men will indicate their desire to seek 
certification by the specialty boards than 
are now certified by all of the boards up to 
this date. That does not mean that when 
the War is over and they are readv to go 
home they will then be w'illing to continue, 
but at the moment they think so. This es- 
timate appears to be well based and accept- 
able as fairly representing the aims and 
hopes of the noncertified radiologists in the 
armed forces. It will be our privilege, then, 
as individuals and through our teaching 
institutions and radiologic organizations to 
help these men secure posts where their 
talents will be of greatest service and fo.ster 
their ambition to complete their training so 
that they may be recognized and certified 
as specialists. 

From all indications there will be no 
lack, or at least no prolonged lack, of em- 
ployment after the war for practitioners of 
radiology, whether fully or only partly 
skilled. A large standing Army and a vast 
Navy will retain many emergency radiolo- 
gists in service. Those who come out will 
find the people keenly conscious of health 
and disease, demanding examination or 
treatment with every modern agent, in- 
cluding roentgen rays and radium. Radi- 
ologists in great new' hospitals, in new medi- 
cal groups and in individual practice wil 
be calling urgently for assistants. It me 
post of assistant is not acceptable, an) de- 
mobilized medical officer has the right, as 
a physician, to engage in the independent 
practice of radiology, w'hatever us degree 
of skill in that specialty may he, and a 
united profession will vigorously oppo^- 
any curtailment of that right. J 

these considerations it seems unlikcl) j 
radiologists presently coming ^ 
tary service will have an)' reason to worr, 
over their economic prospects. . ■■ 

Less easy to solve will he the profile 
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helpins ex-service radiologists to obtain 
the further education and training that so 
many of them will want as a preliminary 
to their certification by the American 
Board of Radiology. From a sentimental 
standpoint it would seem that the Board 
might well waive the usual requirements 
and freely grant its certificate to any can- 
didate, regardless of his qualifications, who 
has served his country in time of war. That, 
however, would be directly contrary to the 
interests of the specialty, of tire profession 
and public it serves, and of the candidate 
himself. It would be a fine gesture of fully 
deserved appreciation, but it would also be 
a step backward, a compromise of in- 
tegrity and an imposition on the American 
people; even the recipient of the cheapened 
certificate would have little esteem for it. 
As Secretary of the xAmerican Board of 
Radiology I can assert confidently that 
unless and until membership on its Board 
of Trustees is radically changed, it will not 
lower its standards of competence and no 
candidate will receive a certificate unless he 
shows by examination that he is fully quali- 
fied to receive it. On the other hand, the 
Board will not deny its diploma to any 
candidate having served in the armed forces 
who proves his competence, even though 
his preparation may have been unconven- 
tional or irregular in minor particulars. In 
September, 1941, the Board adopted a rule 
that after January i, 1945, every applicant 
for certification must have had at least 
three years’ instruction in radiology in a 
recognized and approved institution. In 
simple fairness to the ex-service man, this 
rule will have to be so modified as to give 
him at least partial credit for time spent in 
military service because during that period 
he has been deprived of any opportunity 
for formalized graduate training and be- 
cause his military experience has been as 
X aluable in certain fields as institutional 
instruction would have been. It is improb- 
able that any further concession from the 
Board can be expected. 

At all events, it is apparent that a large 


proportion of these ex-service men will ask 
for additional long or short terms of sp- 
tematic instruction in recognized teaching 
centers in order to round out their training, 
and it is going to be difficult to supply 
courses for all who will want them. Before 
the war the radiologic departments of hos- 
pitals and graduate schools were taxed to 
capacity. After the war, with ex-service 
men added to other candidates it will be 
impossible under present conditions to ac- 
cept all applicants. Hence it has been sug- 
gested that ex-service men be sent in 
squads to the teaching centers for a period 
of observation after which the most promis- 
ing students would be chosen to complete 
the course. Personally, I believe that most 
of the teaching institutions could double 
their capacity during the postwar emer- 
gency by reorganizing and streamlining 
tlieir courses in radiology, by making use 
of tutors, by exchanging lecturers and by 
offering intensive short courses like those 
given by the Army. In addition, the re- 
fresher courses given b}'" these two great 
radiologic organizations might well be 
lengthened and broadened by home study 
courses, and independent radiologists not 
affiliated with schools might combine to 
offer similar courses in various localities. 
By these or other measures I believe that 
the demand for instruction can be satisfied, 
but considerable effort, coordinated plan- 
ning and personal sacrifice will be required. 

By way of conclusion, it may be per- 
tinent at this time to speculate on the prob- 
able inffuence of demobilized radiologists 
on the general progress of radiology. For 
twenty years progress in this specialty has 
taken the form chiefly of a slow peripheral 
extension and a more homogeneous dis- 
seminatiori of knowledge related to this 
science, with few if any striking new dis- 
coveries. Indeed, the specialty has threat- 
ened to become static, for we, its practi- 
tioners, in our zeal to codify and standard- 
ize It have perhaps been too conservative 
too ready to accept the limitations pre- 
scribed by so-called common sense and too 
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little inclined to use our imaginations. But 
the young Americans we have been talking 
about have no such inhibitions. They will 
come home with scant respect for fixed 
ideas, taboos and conventional grooves of 
thought. They will question orthodox be- 
liefs that the opacification of tissues for 
roentgenologic examination has practically 
reached its limits, that roentgen diagnosis 
will never be applicable in fields now con- 
sidered out of bounds and that irradiation 


will always be futile in the treatment of 
certain diseases. And with their abounding 
energy and daring naivete they will begin 
doing impossible deeds. Then we older radi- 
ologists shall cease to wonder how we can 
help them and begin to wonder at what 
they are doing to help us and our profes- 
sion. 

Colonel B, R. Kirklin 
Medical Coj-ps, Army of the United States 
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Holmes I, MelUl^ Baltimore, Maryland 

HOWARD ELMER ASHBURY 
1880-1945 

D r. HOWARD ELMER ASHBURY of the University of Maryland College of 
Baltimore, Maryland, died on Febru- Pharmacy in 1899, the University 

ary ao, 1945, of coronary occlusion. Dr. of Maryland School of Medicine in 1903. In 
Ashbury was born in Baltimore, April ^ 6 , I904he attended the Post Graduate School 
1880. He received his education in the pub- of Medicine at the University of Pennsyl- 
lic schools of Baltimore and graduated from vania. Dr, Ashbury’s early training was 
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along the lines of orthopedic surgery, but 
he very soon became interested in roent- 
genology and, through his friendships with 
Drs. Caldwell, Gray, Groover, Cole, Brown 
and others, he obtained a knowledge of 
roentgenology which served him in good 
stead throughout his career. Dr. Ashbury 
was Attending Surgeon at the Hospital for 
Crippled and Deformed Children from 1904 
to 1909; Assistant in Orthopedic Surgery 
at the Johns Hopkins Hospital from 19 jo 
to 1916; Roentgenologist at St. Joseph’s 
Hospital from 1904 to 1936; Roentgenolo- 
gist at the Hebrew Hospital from 1910 to 
1921; Associate Roentgenologist at the Uni- 
versity of Maryland from 1923 to 1927. 

His military connections were as follows: 
Consulting Roentgenologist, U. S. Veter- 
ans Administration from 1921 to 1934; In- 
structor in the Military School of Roent- 
genology, Cornell University, N. Y., 1917; 
Professor of Roentgenology United States 
Army Medical School, Washington, D. C., 
from 1917 to 1919; Lieutenant Colonel 
M.C.,A.U.S., June, 1941 to February, 1944. 
He retired from the Army in May, 1944- 

Dr. Ashbury was a Deacon of the Pres- 
byterian Church; a Master Mason; a mem- 
ber of the Arts and Letters Club; Society of 


Colonial Wars; and Sons of the American 
Revolution. He was a diplomate of the 
American Board of Radiology; membef of 
American Roentgen Ray Society, American 
College of Radiology, American Medical 
Association, Baltimore City Medical Soci- 
ety, Medical and Chirurgical Faculty of 
Maryland, and a former member of the Col- 
lege of Surgery. In 1910 Dr. Ashbury pre- 
sented a paper before the American Roent- 
gen Ray Society on the “X-ray Findings 
in Gastric and Duodenal Ulcers,” in which 
he described flecks in ulcer craters. This was 
severely criticized at the time, but his 
findings were later confirmed and have 
since been considered an important roent- 
gen sign in the diagnosis of gastric and 
duodenal lesions. 

Dr. Ashbury was married to Miss Ellen 
Hicks of Philadelphia on January 9, J904. 
They have two children, Dr. Howard Hicks 
Ashbury who has taken over his father’s 
practice, and Plelen Bartlett Ashbury. 
Both reside in Baltimore. 

Dr. Ashbury was a man of high ideals, 
thorough and painstaking in his work, and 
he will be long remembered by his many 
friends and colleagues. 

He.vry J. Walton 
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Items for this seelioi, solicited promptly ttjter the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


United States of America 

American Roentgen Rav Socipy . 

Semiiiry, Dr. H. Dabney Kerr, University Hopital, 
Iowa City, Iowa. Annual meeting; I 94 Sj canceled. 
American College OF Radiology 

Secretary, Mbc F. Cabal, 540 N. Michigan Avc., Chicago. 
Section on Radiology, Aaierican Medical Association 
Secretary^ Dr. U, V. Portmann, Cleveland Clmtc, Lleve- 
land, Ohio. Annual meeting: 1945, canceled. 

Arkansas Radiological Society . , ,, 

Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Radiological Society of North America 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting; 194S, to be announced. 
Radiological Section, Baltimore Medical Society ^ 
Secretao', Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to Ma)'. 

Section on Radiology, California Medical Association 
Secretary, Dr. Gordon G. King, 3700 California St., San 
Francisco 18, Calif. 

Radiological Section, Connecticut Medical Society 
Secretary, Dr. Max CHman, 24a Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Radiology, Illinois State Medical Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, 111. 

Radiological Section, Los Angeles County Medical 
Association 

Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

Radiological Section, Southern Medical Association 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooklyn Roentgen Ray Society 
Secretory, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 
Buffalo Radiological Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Chicago Roentgen Society 
Secretary, Dr. F. H. Squire, 1754 W. Congress St., 
Chicago 1 2, 111 . Meets second Thursday of each month 
October to April inclusive at the Palmer House. 
Cincinnati Radiological Society 
^mtary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Uhio. Meets third Tuesday of each month, October to 
May, inclusive. 

Cleveland Radiological Society 
peretary Dr. D. D. Brannan, 11311 Shaker Blvd., 
Ueveland 4, Ohio. Meets at 6:30 p.m. at Allerton Hotel 
on fourth Monday each month, October to April, inclusive. 
Dallas-Fort Worth Roentgen Study Club 
Secretary^ Dr. X. R. Hyde. Medical Arts Bldg., Fort 

at r3o^°M months, on third Monday, 

Denver Radiological Club 

Jackson^ Jr., 1612 Tremont Place 

feSticClub! 


at 


Detroit Roentgen Ray and Radium Society 
Secretary, Dr. E. R. ^Yitwe^, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida Radiological Society 
Actwg Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 

Georgia Radiological Society 

Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

Radiological Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of e.ich month. 

Illinois Radiological Society 
Secretary. Dr. W’m. DcHollander, St. John’s Hospital, 
Springfield, III. Meets three times a year. 

Indiana Roentgen Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meets annually second Sunday in May. 

Iowa X-Ray Club 

Secretary, Dr. Arthur W, Erskinc, 32G Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of low.i State Medical Society. 
Special meetings by announcement. 

Kentucky Radiological Society 
Secretary, Dr. W. C, Martin, 321 \V. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 

Long Island Radiological Society 
Secretary, Dr. Marcus Wiener, i43o-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg, monthly 
on fourth Thursday, October to May, 8:30 p.m. 

Louisiana Radiological Society 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

Michigan Association of Roentgenologists 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year. Fall, Winter, Spring. 

Milwaukee Roentgen Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

Minnesota Radiological Society 
Secretary^ Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bldg,, Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 

Nebraska Radiological Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at eioier Omaha or Lincoln. 

New England Roentgen Ray Society 
^crelary. Dr. George Levene, Massachusetts Memorial 
Hospitals, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

New Hampshire Roentgen Ray Society 

Secretary, Dr. Richard C. Batt, Berlin, N. H. Four meet- 
ings a year. 

Radiological Society of New Jersey 

Dr. H. R. Brindle, 501 Grand Ave., Asbury Pk. 

of State Medical So- 
ciety. Mid-year meetings at place chosen by president 
New York Roentgen Society fresiaent. 

Dr. Ramsay Spillman, 115 East 6ist St 
monthly on third Monday, IsW 
York Academy of Medicine, at 8:30 pm ^ 


North Carolina Roentgen Ray Society’ 

*c . -• Major Fleming, Rocky Mount, N C An 

* Secretaries ofSocieties not here listed arc reQu^,t.H » a v ^ uunc, in. u An- 

quested to .send the necessary information to the Editor. 
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nual meeting at time and piace of State Medical Society. 
Mid-year scientific meeting at place designated 

North Dakota Radiological Society 
Secretary, Dr. L. A. Nash, St, John’s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C, F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society 
Secretary, Dr. Henry Snow, ic6i Reibold Bldg., Dayton, 
Ohio, Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society 

Secretary, Yir. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

Philadelphia Roentgen Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 P.M., in Thomson Hall, College of Physicians, 
21 S. 22d St. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. Meets monthly on third Monday from October to 
May, inclusive, 8 P.M. at Strong Memorial Hospital. 

Rocky Mountain Radiological Society 
Secretary Dr.A.M. Popma,22oN. FirstSt., Boise, Idaho. 

St. Louis Society of Radiologisis 

Secretary, Dr. Edwin C. Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president. 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Radiological Society 
Secretary, Dr Carlton L. Quid, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:4? p.m., first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months atToland Hall, University of California Hospiml. 

Shreveport Radiological Club 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

South Carolina X-Ray Society 

Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

Tennessee Radiological Society 

Secretary, Dr. J. M. Fr&re, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Radiological Society 
Secretaty, Dr. Asa E. Seeds, Baylor Hospital, Dallas, 
Texas. Next annual meeting, Temple, Texas, Jan. 17,1945. 

University of Michigan Department of Roentgen- 
ology Staff Meeting 

Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

Uun'ERSiTV OF Wisconsin Radiological Conference 
Secretary, Dr. E. A. Pohlc, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 p.m.. 
Room 301, Service Memorial Institute. 

Virginia Radiological Society 

Secretary, Dr, E. L. Flanagan^ 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Washi.ngton State Radiological Society 
Secretary. Dr. Thomas Carlile, 1115 Terry St,, Seattle. 
Meets fourth Monday each month, October through May, 
College Club, Seattle. 


X-RAY Study Club or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 
Cuba 

SoCIEDAD DE RADIOLOotA Y FiSIOTERAPlA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

British Empire 

British Institute of Radiology Incorporated with 
the Rontgen Society 

Medical Members’ meeting held monthly on third Friday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Weibcek St.. 
London, W.i. 

Section of Radiology of the Royal Society of Medi. 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty or Radiologists 

Secretary, Dr, M. H. Jupe, 32 Welbeck St,, London, W. 1 
England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

Radiological Section or the Victorian Branch of the 
British Medical Association 
Secretary, Dr. Keith Hallam^ St. George’s Hospital, 
K.E.W., Melbourne, E, 4, Victoria, Australia, Meets 
monthly from March to November inclusive. 

Canadian Association of Radiologists 

Secretaty, Dr. J. W. McKay, 1620 Cedar Ave., Montreal, 
P.Q. 

Section or Radiology, Canadian Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


South America 
S ociEDAD Argentina de Radiologia 

Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD Peruana de Radiologia 

Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociacion M^dica Peruana 
“Daniel h. Carrion, Villalta, 218, Lima. 

Continental Europe 

SociEDAD EsPANOLA DE RaDIOLOGIA Y ElECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE Suisse de Radiolooie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language. Dr. A. Grosjean La Chaux 


de Fonds. 

Secretary for German lan^age, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities, 

SoCIETATEA ROMANA DE RaDIOLOCIE SI ElECTROLOOIE 
Secretary, Dr. Oscar Mellcr, Str. Banul MarScine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 
iiLL-RuSSIAN RoENTOEN RaY ASSOCIATION, LENINGRAD; 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. _ _ 

Secretaries, Drs. S. A. Reinberg and S. G, Simonson. 
Meets annually. 

Leningrad Roentgen Ray Society „ , 

Secretaries, Drs. 'S. G. Simonson and G, A. Gustenn. 
Meets monthly, first Monday at 8 o’clock. State Institute 
of Roentgenology and Radiology, Leningrad. 

Vloscow Roentgen Ray Society . , c t 

Secretaries, Drs. L. L. Holst, A. W, Ssamygin and S. 1. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN RoENTOEK SOCIETIES . • • 

The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countrict belonging to the Association. 
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NOTICE TO DIPLOMATES OF AND 
CANDIDATES FOR AMERICAN 
BOARD OF RADIOLOGY 

In order to facilitate mailing out notices, 
it is requested that all diplomates of The 
American Board of Radiology and candi- 
dates for certificates, who have been in the 
i\rmed Services or for any other reason 
have changed their addresses in the past two 
years, notify the undersigned immediately 
of their present address or an address at 
which mail will always reach the individual. 
B. R. Kirklin, M.D. 

Mayo Clinic, Rochester, Minn. 

NORTH CAROLINA RADIOLOGICAL 
SOCIETY 

The Fall Meeting of the North Carolina 
Radiological Society will be held on Octo- 
ber 5 and 6, 1945, at Watts Hospital, Dur- 
ham, North Carolina. The following pro- 
gram will be presented on Friday, October 5 : 

Moiniing Session 

Report on Industrial Commission. J. P. 
Rousseau, M.D., Winston-Salem, N. C. 

Case Report. C. L. Gray, M.D., High 
Point, N. C. 

Case Report. James E. Hemphill, M.D., 
Charlotte, N. C. 

Effects of Roentgen Therapy in Experi- 
mental Virus Pneumonia. George Bay- 
lin, M.D., Durham, N. C. 

Experiences in the Army of the United 
States. G. B. Murphv, M.D., Asheville, 
N. C. 

Boeck’s Sarcoid. Paul P. McCain, M.D., 
Sanatorium, N. C. 

Cutaneous Manifestations of Sarcoid. J. 
Lamar Callaway, M.D., Durham, N. C. 

Bone Lesions in Sarcoid. Robert J. Reeves, 
M.D., Durham, N. C. 

Afternoon Session 

Diagnosis of Bone Lesions in Childhood. 
Vincent W. Archer, M.D., Charlottes- 
ville, Va. 


3^1 

Treatment of Carcinomas of the Larynx. 

Hugh F. Hare, M.D., Boston, Mass. 

Saturday afternoon, October 6, is to be 
given over to attendance at the Duke-Navy 
Football Game at Duke University Sta- 
dium, Durham, N. C, 

PROFESSOR ANGEL H. ROFFO EX- 
CEPTED FROM RETIREMENT 

Decree of the Minister of Justice and 
Public Education, General Amaro Avalos, 
excepting Professor Angel H. Roffo from 
complying wdth the resolution passed by 
the General Assembly of Ministers on Sep- 
tember 19, 1944. 

Whereas : 

As it is stated by the National University 
of Buenos Aires, Dr. Angel H, Roffo, Pro- 
fessor of Cancerology and Director of the 
Institute of Experimental Medicine, in his 
uninterrupted scientific work during more 
than thirty years and in his exclusive dedi- 
cation to cancer research and treatment, 
has raised the Institute to an unquestioned 
scientific degree which, together with his 
constant preoccupation in those social 
problems that arise from this terrible 
scourge, make it indispensable that he re- 
main in charge of the chair and of the Di- 
rection of the Institute mentioned: 

The Ministry of Justice and Public Edu- 
cation resolves: 

To except Dr. Angel H. Roffo, Professor 
of Cancerology and Director of the Insti- 
tute of Experimental Medicine, dependent 
of the National University of Buenos Aires, 
from complying with the decree given by 
the Assembly of Ministers on September 
19, 1944. 

Amaro Avalos 

Minister of Justice and Public Education 
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BODY SECTION ROENTGENOGRAPHY AT AN 
ARMY STATION HOSPITAL 

By CAPTAIN ELI STARR 


Medical Corps, jdnny 

A t the Department of Roentgenology 
of this Station Hospital many occa- 
sions arose wherein there was need for body 
section roentgenography. The table of 
basic allowances of the United States Army 
limits roentgen equipment at a station hos- 
pital to the conventional type. To the best 
of my knowledge, apparatus for body sec- 
tion roentgenography is available at few 
Army general hospitals. With this in mind, 
a simple method of adapting conventional 



luG. 1. Table block. 


apparatus for body section roentgenogra- 
phy at .‘^rmy hospitals was sought. Sim- 
plicity and economy were dominant during 
tiiis investigation. .Also tlie quick and easy 
conversion of the equipment from con- 
ventional roentgenography to body section 
roentgenography, and then back to conven- 
tional roentgenography, was stressed. 

In the interest of economy, materials on 
hatui and the help of patients on a recon- 
ditioning program at the occupational ther- 
apy shop were solicited. -Actually very 
little material and labor were found to be 
necessary. The sum total of the materials 
consisted <if tltrec wood blocks, a w<sod slat 
45 inches long by i inch square, several 


0/ the United States 

screws, nails, and 2 large “C” clamps. By 
the sites of attachment of these blocks, 
they have been designated as follows: 

1. Table block (Fig. i). This consists of 
18 inches of a 2 by 4 inch rafter with set- 
offs at both ends. Through the center of the 
block are several drill holes. Two “C” 
clamps fasten this block to the center of the 
roentgen table. 

2. Tube clock (Fig. 2). The tube block 



Fig. 2 . Tube Block. 


consists of 10 inches of a 2 by 4 inch rafter 
grooved at both ends to fit between the 
horizontal metal arms which support the 
roentgen tube. Through its center is a i 
inch square slot to receive the wooden slat 
(see below). This block was designed for 
the 200 ma. Picker unit (PX-iB). 

3. Film tray block (Fig. 3). This block 



Fig. 3. Him tray Iilock. 
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measures 4 inches of a 2 by 4 inch rafter. 
It is screwed to the centering arm of the 
film tray of the Potter-Bucky grid on the 



Fig. 4. This shows the components of the unit. 3 , 
table block; J, tube block; 4, film tray block; 
5, 45 in. slat; 6 , two “C” clamps. 

200 ma. Picker roentgenographic roent- 
genoscopic unit (PX-iB). At the free end 
of the block a bolt protrudes to receive the 
lower end of the slat. 



Fig. 5. The unit is shown assembled and ready 
for use. 




Fig. 6. The technician is shown ready to activate 
the motion of tube prior to an exposure. 

The slat is 45 inches long. It has a 3 inch 
long slot at its lower end to receive the bolt 
of the film tray block. Its upper end fits 
snugly into the tube block. About 6 inches 
from the lower end are several drill holes. 
These are brought in alignment with the 
drill holes of the table block by a long 
sturdy nail. 

When set in motion, this apparatus will 
allow simultaneous longitudinal movement 
of the roentgen tube and film in opposite 
directions. The tube will also tilt as it 
travels along the table, so that the central 
ray is always directed over the part to be 
examined. The fixed axis (point of oscilla- 
tion) about which the slat revolves is in the 
table block and is adjustable to the de- 
sired focal plane level of the patient by 
selection of the drill-hole which lies in that 
focal plane level. The fixed axis always lies 
in the axis of the focal plane level being ex- 
amined. 

No major technical difficulties have been 
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has been described. The ease of application 
and removal of this apparatus from the 
conventional roentgenologic equipment has 
been stressed. The method of operation and 
the technical considerations have been in- 
cluded. An illustrative case has been ap- 
pended. 
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ROENTGEN DIAGNOSIS 

GENITOURINARY SYSTEM 

SoiLAND Albert. Peyronie’s disease or plastic 
induration of the penis. Radiology^ Feb., 
1944, 42, 183-185. 

About 650 cases of plastic induration of the 
penis have been reported. In 1934 the author re- 
ported 6 cases in which irradiation had given 
fairly satisfactory results. In this article he re- 
ports II further cases and tabulates the results. 
.As this is a keloid type of lesion, surgery is not 
effective. Most of the patients are over forty 
years of age and the chief complaints are pain 
and distortion on erection that may make coitus 
impossible. Radiation treatment causes loss of 
libido and though the author has had the best 
clinical results with a 4gm. radium pack and has 
carefully screened off the testicles he has not 
been able to prevent this result. Younger pa- 
tients should be warned of the possibility. 

Practically all tj^ies of irradiation have been 
used and practically all of them have given good 
results. All cases should be carefully studied and 
reported in an effort to work out the best dos- 
age and method of irradiation . — Audrey G. 
Morgmi. 

SKELETAL SYSTEM 

Facet, G. H., and Mayoral, A. Bone changes 
in leprosy; clinical and roentgenologic study 
of 505 cases. Radiology, Jan., 1944, 42, 1-13. 

The bone changes of leprosy are found 
chiefly in the neural form rather than in the 
lepromatous or nodular form of the disease. 
Among the 505 patients observed at the Na- 
tional Lep^i'osarium and discussed in this article, 
there were bone changes in 64 per cent of the 
neural cases, in only 5.6 per cent of the leprom- 
atous cases and in 33 per cent of the cases of 
the mixed t}'pe. Both the neural and leproma- 
tous cases generally show changes of the mixed 
t)^e in the late stages. 

The bone changes in the neural type do not 
result from the presence of the bacilli of leprosy 
in the bone but are neurogenic and similar to 
those found in other neurotrophic diseases, such 
as syringomyelia, tabes dorsalis, and others. 


They consist of a slow and intensive absorption 
of bone. This is hastened and increased by 
trauma, as shown by the fact that it is most pro- 
nounced in the hands at the ends of the pha- 
langes, which are most subject to injury, and in 
the feet at the ball of the foot which bears the 
weight of the body. The appearance of the bone 
is like that of a stick of candy that is being 
sucked away. The differential diagnosis of the 
bone changes in leprosy must be based on clini- 
cal and neurological signs as well as on roentgen 
findings. 

The bone changes found in the lepromatous 
form of the disease were enlarged nutrient ca- 
nals, cyst formation, necrosis, osteomyelitis and 
periostitis. The enlarged nutrient canals are 
produced by infection of the nutrient vessels 
with leprosy bacilli. Bone cysts are due to direct 
action of Hansen bacilli infecting the marrow 
canal. 

Secondary infection generally occurs sooner 
or later in leprosy cases and confuses the pic- 
ture. It is hard to differentiate lepromatous 
osteomyelitis from pyogenic osteomyelitis but 
in the pyogenic variety there is rapid destruc- 
tion with no regeneration, while in the leprous 
form the development is slow and there may be 
regeneration of bone. Arteriograms were taken 
in these cases. The changes in the blood supply 
did not run parallel to the neurotrophic bone 
absorption in the neural cases but in the leprom- 
atous and mixed cases there were localized 
arterial defects and decrease in size of the 
branches of the arteries that suggest that these 
lesions are vascular in origin. In the upper ex- 
tremities there may be atrophy and contracture 
of the muscles or bone absorption but generally 
the two types of change do not occur together. 
— Audrey G. Morgmi. 

Cooney, J. P., and Crosby, E. H. Absorptive 

bone changes in leprosy. Radiology, Jan., 
19445 4 ^, 14-19- 

Leprosy affects all the tissues of the body, 
particularly the skin, nerves, blood vessels and 
bones, and foci of leprosy have even been found 
in the lungs. The phalanges of the hands and 
the metatarsals and tarsals of the feet may be 
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completely absorbed. The authors made a close 
study of 15 cases of leprosy in an attempt to ex- 
plain this complete concentric absorption of 
bone. They find that there are three factors in 
bringing about this result, namely disturbances 
of circulation, anesthesia and pressure. When 
the circulation to the bone is decreased the bone 
undergoes consolidation with increased density 
and osteosclerosis. Leprous degeneration of the 
peripheral motor and sensory nerve trunks and 
degeneration of the tracts of Goll and Burdach 
in the spinal cord bring about the anesthesias of 
leprosy and the neurocirculatory disturbances. 
Improvement in the local leprous lesions in the 
feet has been demonstrated after novocain 
nerve block. Pressure which is the third factor 
in bone absorption, does not cause pain because 
of the anesthesia. Pressure is from local lesions 
in the soft tissues of the hands and feet and 
from use, as shown by the fact that the destruc- 
tion is greatest in the phalanges of the hands 
which are most subject to use and therefore to 
injury, and in the arches of the feet which are 
subject to weight bearing. 

These three factors of circulatory disturb- 
ance, anesthesia and pressure account for all 
the bone changes in leprosy . — Audrey G. Mor- 
gan. 

Wolff, Ernest, and Nolan, Lewis E. Mul- 
tiple myeloma first discovered in the mandi- 
ble. Radiology^ Jan., 1944, 42, 76-78. 

Acase of myeloma first discovered in the man- 
dible and apparently originating there is de- 
scribed. No such case has been described before. 
These tumors are usually present in more than 
one bone at the time of discovery and myeloma 
has not infrequently been found microscopically 
in bones that appeared to be normal on roent- 
gen examination. 

The patient was a colored woman forty-four 
years of age who complained of pain and swell- 
ing in the left side of the lower jaw which had 
persisted for eight weeks. Roentgen examina- 
tion of the jaw showed a large, sharply defined, 
circumscribed area of decreased density involv- 
ing the greater part of the body of the left man- 
dible, extending from the symphysis to the 
angle, with only a thin shell of bone remaining 
at the margin of the tumor. There was no evi- 
dence of new bone formation. The bones of the 
limbs and trunk were normal but roentgen ex- 
amination of the skull showed minute, punched- 
out areas in both parietal bones. Microscopic 


examination of a biopsy specimen from the jaw 
.showed myeloma of the plasma cell type. 

Roentgen treatment was given and after 
1,500 r had been administered the pain and 
.swelling subsided. The patient has been under 
observation for eighteen months and there has 
been no recurrence, but roentgen examination 
shows a gradual increase in the .sixe of the 
punched-out areas of rarefaction in the parietal 
bones. 

Biopsy examinations should be made in all 
noninflammatory lesions of the mouth and jaws. 
— Audrey G. Morgan. 

Harmon, Paul H., and Adams, Carroll 0. 

Pyogenic coxitis i. End-results and consider- 
ations of diagnosis and treatment. Surg., 

Gynec. & Ohst., April, 1944, 78, 371-390. 

This paper is based on a study of 147 hip 
joints in 132 patients. 

Etiology and Incidence. 

1. Infection of the hip and surrounding struc- 
tures in this series of cases occurred through the 
blood stream. In 69 hips, data for which were 
obtainable, the origin of bacteria was from the 
upper respiratory tract (including the ear) or 
from the skin. 

2. The causative organism per se does not 
condition the amount of bone destruction. Ex- 
tensive osteomyelitis with gross bone loss may 
result from either b-hemolytic streptococcus or 
from staphylococcus infection but usually the 
extent of bone involvement is Jess and primary 
synovial infection more common when strepto- 
cocci are the causative organisms. 

3. Males arc more frequently affected than 
females. 

Diagnosis 

1. Symptoms: Pain, muscle spasm about the 
hip with the femur in a position of flexion and 
external rotation. 

2. Aspiration of the hip joint with or without 
arthrotomy is the only method of establishing 
the diagno.sis in doubtful cases. Diagnosis by 
aspiration is often possible many days and 
weeks before roentgenograms show a bone focus. 

3. Roentgenograms: Two general courses of 
this condition can be described: (i) The in- 
creased intracapsular pressure produces dislo- 
cation. The loss of articular cartilage can be in- 
ferred only when the bony cortex is eroded. The 
loss of bone and shortening due to it are de- 
pendent upon the extent of bone involved by in- 
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fection and the efficacy of traction employed in 
treatment. Late shortening may be the result of 
closure of the upper femoral epiphysis. Unless 
dislocation is present, the amount of shortening 
is usually negligible. (2) ^Yhen joint distention 
and subsequent dislocation do not occur diffuse 
narrowing of the joint space which is usually 
still occupied by some articular cartilage devel- 
ops. This alteration may be followed by surface 
erosion of the underlying articular bone cortex. 
Rapid osseous ankylosis is then the end-result 
of this type. 

Differential Diagnosis 

1. Tuberculosis of the hip — destruction is 
marginal or in the metaphysis and unassociated 
with sclerosis, “kissing sequestra” may be pres- 
ent, joint space usually preserved longer, 
tuberculin reactions usually positive. 

2. Legg-Calve-Perthes’ disease — widening of 
femoral neck, flattening of the head with mini- 
mal changes in the acetabulum. 

3. Slipped femoral epiphysis — coxa vara and 
external rotation of the distal fragment. 

4. Chronic nonspecific arthritis — loss of joint 
space without deformity followed later by mar- 
ginal hypertrophic changes and sclerosis in the 
weight-bearing portions. 

5. Osteochondritis dissecans — the point of 
origin in the articular cortex from which the 
sequestrum has separated may be identified. 

6. x‘\septic necrosis of femoral head — usually 
history of trauma with fracture of neck or dis- 
location. 

7. Old congenital dislocations — typical his- 
tory of disability beginning the second year of 
life. 

8. Other conditions to be differentiated in- 
clude osteogenic and chondrosarcoma, meta- 
static tumors, syphilitic bone involvement, 
hemophilia, idiopathic subperiosteal changes in 
the newborn, xanthomatosis, fibrocystic dis- 
ease, neurofibromatosis with bone involvement, 
caisson disease, echinococcus cysts, and bone 
islands. — Mary Frances Vastine. 

H.'^rmon, Paul H., and Adams, Carroll O. 

Pyogenic coxitis 2. Indications for surgical 

treatment in residual and chronic stages and 

end-results of reconstruction in 53 patients. 

Surg.^ Gynec. Obsl., May, 1944, 78, 497- 
508. 

In the authors’ previous communication deal- 
ing with end-results from suppuration in the 
hip joint, the cases were found to fall naturally 


into three groups: (i) from zero to three years 
of age, inclusive; (2) from four to twelve years 
of age; and (3) an “adult” group thirteen years 
of age and over. In the first two groups, espe- 
cially in the second group which included the 
bulkof the cases, a movable andpainless hip often 
resulted and was a desirable end-result, even 
though a variable amount of bone of the fem- 
oral neck was lost through suppuration and 
even though osteoarthritis might supervene 
three decades later. A stable fused hip, es- 
pecially if superior displacement and disloca- 
tion were prevented by traction, was the usual 
outcome in adults and in certain cases in the 
juvenile and adolescent groups. This outcome 
appears likewise desirable. Indeed, in the older 
cases, if bony union did not occur with elimina- 
tion of the joint, pain was the usual outcome. 

The authors have found it convenient to re- 
tain the classification of cases according to age 
in considering the indications for, and end-re- 
sults from, operative treatment of the residual 
deformities met with in this group of cases. 

Analysis of Observations 

1. No dogmatic statement can be laid down 
as to the optimum age at which reconstructive 
procedures should begin. 

2. In the case of long continued discharge 
from deep sinuses, the measures aimed at clos- 
ing these are quite effective. These measures 
include the elimination of sequestra, epithe- 
lialized sinuses and chronic osseous abscesses. 
In a few months after subsidence of the acute 
phase, measures can be undertaken to eliminate 
discharge from draining sinuses that promise 
not to close otherwise. 

3. The procedures used in reconstruction of 
the single hip damaged by suppuration are 
highly successful in juveniles. In adolescents or 
young adults these plastic operations, including 
the acetabular shelf, do not give satisfactory 
results largely because of subsequent pain. 

4. Malposition at the fused hip should not 
receive surgical attention until after the ap- 
proximate age of twelve to thirteen years unless 
the malposition is grossly exaggerated (when it 
may be necessary to correct it by osteotomy). 
It must be remembered that osteotomy at the 
earlier ages is seldom a permanent correction as 
a portion or all of the deformity will recur and 
need a later correction. Osteotomy in the pres- 
ence of a movable hip is not subject to the same 
rigid age limitations as this is usually done to 
increase hip stability. 
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and the joint slipped out again, 'i'his was rc- 
jveated several times. She was last seen Attgust 
dA* ^^ 37 ^ when she showed an eversion tieforni- 
ity with li inches of shortening. 'I'he roent- 
ge.nogram showed complete tiisruption of the 
.nrchirccture of the head and a parr of the neck 
of tlie femur. 'I'lie end of the femur was disko 
cated upward and nv.uie no contact with rlic 
acetabulum. .She refused further tre.Ttnient. 

Tiiis case seems to .support the theory that 
Charcot hip may be caused directly by injury 
but that the predisposing cause is the loss of 
protection caused by hypotonicity of the mus- 
cles.- -v'/mf/rv G. Moreau. 

Marti.hy, J. Hi.air. ‘'liixhaustion” fracture of 

the spine. Bril. J, Rotiiol.^ Nov., 194.1, 

b'atigue or exlnuistititi fracture is not well 
known in Kngland. Jf is more common in 
.Scandinavia, continental Ifurope and Jajnin. It 
generally occurs in weight-bearing btmes and is 
seen in nonwciglu-be.'iring ones only when they 
arc subjected to some unusual stress or str;iin. 
'I'his was true in the case described here in a 
healthy hoy .•.eventeen year,', of age, 5 feet !o 
inches tali and weighing to stone, 2 pounds, I le 
had ftir some time !>een vlriving a heavy coal 
lorry arui carrying the huntirctl weight sack-, on 
liis back to the customers’ cellars. I le turtiai his 
back to the sacks and pulled them up on lii;> 
back where they tested on tile lower ccrvit.a! 
and upper {iorsa! region. In May, 194.1, he v-'.is 
admitted to the hospital with a di.'ignosi'= oJ 
Pott’s di'-ease iiaied. on :i history o{ pain and 
tenderness im pre‘-.tirc in the upper dors.d re. 
Cton for '0!Tir three weeks. At the end ot rh'e- 
peri'id he 'uJde.nly rojiap-ed w)fh ver>' 'rvcr»- 
pam m f In: dor--.'il reunm. It wa*. sudden i.non *. '' 
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roentgenograms after a week during which the 
patient had been in bed showed further collapse 
of the fifth dorsal body; it also showed that 
there was no demonstrable change in any of the 
other vertebrae. A diagnosis of fatigue fracture 
was therefore made; that is, a fracture in ap- 
parently normal bone as a result of overload. 
The site that has suffered stress continues to 
deteriorate even after the load is removed. 

The patient is now immobilized in a Whit- 
man frame; he is comfortable as long as at rest 
and in two months’ observation has not shown 
any evidence of systemic disease. A future re- 
port will be made on his progress which it is 
hoped will contribute to a better understanding 
of fatigue fracture. — Audrey G. Morga7i. 

Galluccio, a. C. Spondylolisthesis; general 

consideration with emphasis on radiologic 

aspects. Radiology, Feb., 1944, 42, 143-158. 

Spondylolisthesis is a slipping of the fifth 
lumbar vertebra on the first sacral, usually for- 
ward, as a result of a defect in the interarticular 
part of the neural arch of the vertebra. Pre- 
spondylolisthesis is a zone of inadequate ossifi- 
cation in the arch which may later result in 
slipping. Some authors think the condition is 
congenital while others think it is caused by 
trauma. The author is inclined to think it is 
traumatic, at least that trauma is the exciting 
cause, though there may be a congenital lesion 
as a predisposing factor. He discusses 15 cases 
of prespondylolisthesis and spondylolisthesis dis- 
covered in the routine spinal examination of 142 
soldiers, an incidence of over 10 per cent, which 
is very high. This may be due to the fact that 
soldiers lie in the most frequent age group for 
this condition and that they are subjected to 
unusual strain in military life. Over 50 per cent 
of these cases were prespondylolisthesis and 4 of 
them were discovered incidentally in abdominal 
examinations. 

The patients may complain of symptoms, 
such as low back pain, weakness, fatigue or 
stiffness of the lower back, but roentgen ex- 
amination is necessary for definite diagnosis. 
If the lesion is detected early its further progress 
may be prevented by adequate measures. 
Therefore a detailed description of the anatomy 
of the region is given and the article illustrated 
by many roentgenograms and diagrammatic 
drawings of the conditions found. The author’s 
routine study of the lumbosacral region includes 
anteroposterior, direct and accurate lateral and 


right and left anteroposterior oblique views; 
also the lumbosacral angle view (45° tilt). He 
believes the most important views are the an- 
teroposterior, the right and left oblique and the 
true lateral. Good technique is absolutely nec- 
essary. The condition is progressive and a con- 
stant search should be made for it in both mili- 
tary and civilian patients. It may be important 
from a medicolegal as well as a clinical point of 
view. — Audrey G. Morgan. 

Obletz, Benjamin E. Fresh fractures of the 

carpal scaphoid. Smg., Gynec. ^ Obst., Jan., 

1944, /S, 83-90. 

Fractures of the carpal scaphoid occur almost 
exclusively in vigorous young adult males. This 
report is based on a study of 45 consecutive 
carpal scaphoid fractures which occurred in an 
infantry training camp during an eighteen 
month period. 

Anatoiny of the Carpal Scaphoid. This is the 
largest bone in the proximal row of the wrist. 
The mid-portion is constricted and is known as 
the “waist.” It is at this point that most of the 
fractures occur. It has been estimated that a 
fracture through the waist can interrupt the 
blood supply to the proximal fragment in be- 
tween 13 and 33 per cent of the cases. 

Mechanism of Fracture. In most instances, the 
history given is that of a fall to the ground. In 
attempting to break the fall, the victim lands on 
his outstretched hand. Usually the heel of the 
palm is the first to strike the ground. The wrist 
does not hyperextend. (If it did, the result 
would probably be a Colles fracture instead of 
a scaphoid fracture.) 

Clbiical Symptoms and Signs. There is little 
or no swelling in the wrist. A tender point is 
present in the anatomical snuff-box. Pain is elicit- 
ed on passive motion of the wrist in all planes. 

Roentgetiology. Roentgenograms of the wrist 
are taken in four positions on a 10 by 12 film. 
The usual anteroposterior and lateral views are 
supplemented by one anteroposterior view in 
ulnar deviation and a posteroanterior view in 
45 degree oblique. 

Once the fracture is recognized in the four- 
view film the repair process can best be studied 
in the single ulnar deviation view repeated at 
three to four week intervals. Of the 45 frac- 
tures studied, 35 were through the waist of the 
bone, while 10 were through the proximal pole. 
There were no fractures of the tubercle found 
in the series studied. 
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Fracture Physiology. During the first two 
weeks, there is an acidity at the site of the 
fracture which brings about a localized absorp- 
tion of calcium salts. This causes the fracture 
line to be wider and more distinct on the roent- 
genogram taken a few weeks after fracture. The 
reactionary hyperemia during the first few 
weeks causes the liberation of minute quanti- 
ties of histamine and acetylcholine as a result 
of which the bones undergo decalcification and 
osteoporosis. If the blood supply is interfered 
with, the bone does not decalcify but retains its 
normal radiologic density. 

There is a lack of subperiosteal callus forma- 
tion in the scaphoid so reliance on the healing 
state must be put on the disappearance of the 
fracture line. A persisting fracture line beyond 
ten to twelve weeks is indicative of delayed 
union. 

Types of Scaphoid Fractures, (i) Fractures 
without interruption of the blood supply to 
either fragment. (2) Fractures with interrup- 
tion of the blood supply to the proximal frag- 
ment. 

Concept oj Temporary Avascularity. This con- 
cept is demonstrated in the type 2 fracture. 
Immediately after the fracture is immobilized 
the healing process begins. Fibrous granula- 
tions grow across the fracture site bringing new 
blood vessels from the distal to the proximal 
fragment. This process is fairly rapid and within 
a few weeks the blood supply is more or less 
completely restored. In this manner necrosis of 
the proximal fragment is prevented. 

Clinical Significance oJ Temporary Avascu- 
lanty. Excision should be performed only when 
there is positive roentgen evidence of nonunion 
of the fracture and aseptic necrosis of the prox- 
imal fragment as seen by creeping substitution 
with its irregular mottled density and partial 
collapse. 

Treatment. It is imperative that the wrist be 
immobilized as soon as possible after the frac- 
ture. The immobilization must be complete, un- 
interrupted, and maintained until there is 
definite roentgen evidence of healing . — Mary 
Frances Vastine. 

E. Roha.v. Two congenital deformi- 
ties of the tibia: congenital angulation and 

ct>ngenital ]iseudarthrosis. Brit. J. Radiol. 

Dec., *94.?, /6, 3~i-g7f>- 

Two congenital abnormalities of the tibia are 
described: anterior angulation and pscudar- 


throsis. Four cases are described and roent- 
genograms of the findings given. Congenital 
angulation of the tibia is often associated with 
other bone defects, such as congenital absence 
of the fibula and congenital dislocation of the 
hip; this suggests that the condition is brought 
about by a disturbance of mesenchymal growth 
due to some inherent defect in the germ plasm. 
Middleton believes that all such deformities as 
angulation of the tibia, elevation of the scapula 
and multiple contractures of the limbs are 
caused by a failure of growth in length of the 
myocytes. This theory is discussed in connec- 
tion with the descriptions of the individual 
cases. 

In congenital pseudarthrosis the primary de- 
fect is a failure of local osteogenesis. Frequently, 
however, the child is born with an angulation 
of the tibia. A fracture occurs later at the site 
of the angulation and pseudoarthrosis follows 
healing. Or it may result from treatment for the 
angulation. In such cases the pseudarthrosis it- 
self is not really congenital. The fact that a 
roentgen examination does not show a normal 
bone structure does not mean that it is neces- 
sarily absent. It may be present in the form of 
cartilage which has not undergone normal ossi- 
fication. 

If a child at birth shows any angulation or 
other abnormality of the bones of the limbs a 
roentgen examination should be made within a 
few days to determine the nature of the abnor- 
mality and the child should be placed at once 
under the care of an orthopedist. The func- 
tional outlook in these ca.ses is not good. 
Audrey G. Morgan. 

GENERA). 

Paterson, Ralston. “A helping hand.” Bril. 

J. Radiol., Nov., 1943, /6, 35i-353< 

This is a suggestion for help in i-eorganizing 
the disorganized radiological services in the 
devastated countries of Europe. Much material 
will have been destroyed and personnel scattered 
often beyond hope of recall. The governments 
of the allied countries will attend to the more 
obvious needs of food, shelter and clothing, hut 
the radiologists themselves will have to attend 
to the matter of rebuilding radiological teach- 
ing and practice. 'Fhcre will be great need for 
plant and accessories of all types, manpower, 
education in all its forms and direct help m re- 
organization. 

The author suggests the plan of radiological 
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units in England “adopting” certain units in 
the devastated countries, something after the 
manner in which schools have adopted mer- 
chant ships, for example. The adopting unit 
would assume the task of sending men and ma- 
terial to the adopted one. Birmingham could 
adopt Brussels, for instance, or Edinburgh, 
Warsaw. The men sent over to help in teaching 
and reorganization would remain on the staff 
and the payroll of their native city, so there 
would be no question of sacrificing permanent 
positions for ones that would necessarily be 
temporary. This scheme should be extended not 
only to the European countries but to China, 
where it would be a question not only of reor- 
ganization but of building up radiological and 
medical surfaces from the ground up. 

The scheme could be extended by asking 
American radiologists to join in it, and the 
author believes that with their usual generous 
spirit the plan would spread rapidly there. This 
would establish a good foundation for the crea- 
tion of a new International Radiological So- 
ciety . — Audrey G. Morgan. 

Barclay, A. E. Radiology — empiricism or 
science? Brit. J. Radiol..^ Nov., 1943, /< 5 , 
344 - 347 * 

The author discusses some of the serious mis- 
takes that have been made in radiology, all 
based essentially on the fact that roentgen-ray 
methods were used to demonstrate pathology 
before the normal findings were thoroughly in- 
vestigated. He points out these mistakes in 
radiology not to disparage the great results that 
have been accomplished in spite of all errors, 
but to show that the scientific approach to the 
problems of radiology must always be used. 
iMere empiricism will not accomplish the desired 
results, and if the possibilities of disaster were 
great in the comparatively simple radiology of 
the beginning period they are infinitely greater 
now when the field of radiology has widened so 
greatly. Along with increasing opportunity in- 
creasing responsibility has developed . — Audrey 
G. Morgan. 

hlARTiN, Hayes, and Morfit, H. Mason. 
Cervical lymph node metastasis as the first 
symptom of cancer. Sing., Gynec. & Ohs/., 
Feb., 1944, /(S’, 133-159* 

The purpose of this report is to discuss the 
phenomenon of cervical lymph node metastasis 
appearing as the initial symptom of cancer 
from the standpoints of incidence, site of the 


silent primary lesion and clinical course, with, 
special reference to differential diagnosis. The 
data used were obtained from review of about 
3,800 consecutive cases observed at the Me- 
morial Hospital from 1933 to 1937. 

Incidence of Cervical Metastasis as a First 
Symptom of Cancer 

I. The appearance of a cervical swelling or 
mass (metastasis) was the first and for a time 
the only symptom noted by the patient in about 
8 per cent of all cases of cancer of the mouth, 
pharynx, and thyroid. 

1. The primary growths, if above the level 
of the clavicle, are most often found in the tonsil 
or nasopharynx, followed next in the order of 
frequency by the tongue, extrinsic larynx, floor 
of the mouth, palate, and paranasal sinuses. 

3. The occurrence of a supraclavicular mass, 
usually on the left and sometimes referred to as 
the signal node has long been considered of par- 
ticular significance as suggesting the presence of 
a silent primary malignant growth below the 
level of the clavicle. It appears to the authors 
that the signal node is sometimes an early but 
rarely an initial symptom. 

Symptoms and Clinical Course of Cancer Ap- 
pearing First in the Form of Cervical Metastasis. 

1. Cervical lymph node metastases may 
reach a diameter of 7 to 8 cm. or even larger 
without producing any objective symptoms 
other than visibility and palpability. 

2. Disregarded initial or early symptoms of 
the primary lesion include slight though persist- 
ent deafness or “stuffiness” in one ear, slight 
soreness of the throat or mild dysphagia. 

3. The most frequent initial symptom in 
nasopharyngeal cancer is cervical metastasis 
(in over 50 per cent of all cases). The reason 
that so large a proportion of these silent pri- 
mary growths are at first missed is that this an- 
atomic site requires special apparatus (head- 
light, throat mirror, soft palate retractor), and 
a skill acquired only after considerable expe- 
rience. 

4. In the case of a carcinomatous cervical 
tumor, the authors consider as inconclusive any 
single negative examination for a primary lesion 
in the mouth and pharynx no matter how com- 
petent the observer. The survival of the patient 
for at least five years is the only tenable proof 
that there is no primary growth elsewhere. 

Diagnosis. 

I. The clinical picture in cases of initially 
symptomatic cervical metastasis is tj'pical. 
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There is slow, gnidual, progressive asymmet- 
rical enlargement of one or more nodes with- 
out any subjective symptoms. Such nodes 
should always be considered cancerous until 
proved otherwise. If a silent primary lesion is 
not discovered on first examination, it is wise to 
make an aspiration biopsy of the suspected 
cervical metastasis. 

a. If the pathological report is anaplastic car- 
cinoma, transitional carcinoma or lymphoepi- 
theiioma, the primary lesion may be suspected 
as being in Waldeyer’s ring (base of tongue, 
tonsil, or nasopharynx); if the report is epider- 
moid or squamous carcinoma, the primary le- 
sion may be somewhere in the mouth or phar- 
ynx but usually outsiile Waldeycr’s ring; if the 
report is adenocarcinoma, the primary tumor is 
probably in one of the major salivary glands, 
the thyroid, or in an infraclavicular viscus. 

3. 'rhe forms of cancer which are commonly 
beiic%'ed to occur primarily in cervical lymph 
nodes are, in order of frequency: 

a. Lymphosarcoma, Experience in rhe head 
and neck clinic has produced strong evi- 
dence that lymphosarcoma abov^e the 
level of the clavicle usually occurs as a re- 
sult of a single discrete primary lesion in 
some portion of Waldeycr’s ring. 

b. Hodgkin’s disease. 'Hie chances in an adult 
of an enlarged cervical node being involved 
by metastatic cancer are far greater 
b'ibout 9 to i) than of its being a primary 
lymphoma. In general, Hodgkin’s lymph 
nodes arc firm and scattered in the neck. 
The apjiarent origin of the disease is most 
often (65 percent) tn the neck, 

c. Leukemia, iti rhe early leukemic phases, 
ot'.ly a slight!}’ ahnormal hlfK>d picture 
may be found and differenriarion is then 
ditricuk. 

tL Printary carcinoma of cervical lymph 
r/tdc'. It seems to the authors that the 
cvtdcJtcc for the existence of epitfielia! 
rc-t'. within ivittpli nfidc^ giving rise to 
c.tt'.rcr is rather tenuous. 

. b.mloriuhorvia. d'he records of the ptist 
re cut} yc-ir-- o; tltc Hf>spifal 

('-onraui t.'t'-r.ince *•{ tusdnthelionut n{ 
. httqdi vs-'yi---. 

4. < hlu'T is.n htions rn he ('•eiodcrcd in dif- 
k. ’rh% I i r.Kv'^ry.r't thvro:.: (.Mnevr* 

‘l. I?f ^ k' DTkTi'k' iTirv.!? 


d. Primary tumors of soft parts of the neck 
(excluding lymph nodes). 

e. Acute infection. 

f. Tuberculosis. 

g. Syphilis. 

h. Branchiogenic and thyroglossa! cysts. — 
Mary Frauccs Faslwe. 

Kepler, Eowik J., Dockertv, Malcolm B., 
and Prie.sti.v, James T. . 4 drenal-likc tumor 
associated with Cushing’s syndrome (so- 
called masculinovohlastoma, luteoma, hyper- 
nephroma, adrenal cortical carcinoma of the 
ovary), //;;;. J. Obsl. & Gynec., Jan., 1944, 
47 ^ 43-62. 

It is well known that arrhenoblastomas of the 
ovary masculinize their hosts. However, it is 
not generally appreciated that other tumors of 
the ovary also are capable of producing similar 
changes in sexual characteristics. Unlike ar- 
rhenoblastomas, these tumors are associated 
with many of the general and metabolic symp- 
toms, such as hypertension, cutaneous striae 
and diabetes, that characterize Cushing’s syn- 
drome, Cushing’s disease and rumors of the 
adrenal cortex. 3 ’he authors feel that it is wi.se 
to speak of these tumors of the ovary as "adre- 
nal-like ovarian rumors.’’ 'I’o date, 13 well 
authenticated cases of such adrcnal-likc ovarian 
tumors hav’e been reported in addition to the 
one which is reported in this article. They are 
discussed from the following standpoints: 

Ilisiogaiesis. bVom rhe standpoint of pure 
cytology rhe origin of these tumors is a histo- 
genic jigsaw puz.z.le. Hisroparhologically, these 
tumors conceivably might arise from one of the 
following structures: (1) the adult corpu'; !u- 
teum; (2) a pre-existing granu!(Lsa-ceii tumor; 
(3) an adrenal cortical ovarian rest, and (a) 
through excessive development of certain cel- 
lular elcmeins kulrena! corticalr) in a temtom- 
atous growth. The f»rigin from adrenal cor- 
tical rests seems rhe most probable. .Some of the 
rumors aj>penr to be cytoif)g!c:illy iTt.'dignatif. 
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symptoms, namely, hypertension, polycythe- 
mia and diabetes. 

Uri?iary HormoJial Subsiariccs. At present, 
the tendency is to emphasize the significance of 
the presence of excessive quantities of 17-ketos- 
teroid material in the urine of adrenal cortical 
tumors. From the authors’ experience with a 
number of cases of proved adrenal cortical 
tumor, they do not believe there is reason to be- 
lieve that the excessive excretion of these com- 
pounds is necessarily a concomitant of adrenal 
cortical tumor. Furthermore, when these com- 
pounds are excreted, the values obtained do not 
by any means parallel the intensity of the clini- 
cal picture. — Mary Frances Vaslinc. 

Moore, Morris, and Jorstad, Louis H. His- 
toplasmosis and its importance to otorhino- 
laryngologists. A review with report of a new 
case. Ann. Oiol.y Rhin. ^ Laryng.^ Dec., 1943, 

52, 779-815- 

The authors review the literature on this dis- 
ease and report a case of their own in which the 
clinical impression was carcinoma of the buccal 
mucosa. They have tabled 22 cases of histo- 
plasmosis collected from the literature in which 
there was ear, nose and throat involvement. 

Etiology. The organism responsible for retic- 
ulo-endothelial cystomycosis or histoplas- 
mosis, as first described in tissue by Darling, in 
1905, was named Histoplasma capsidatum be- 
cause it appeared very much like a protoz.oon. 
The true fungous nature of the organism was 
not confirmed until the publications of DeMon- 
breun and of Hansmann and Schenken in 1933. 
Histoplasma is seen in reticulo-endothelial 
phagocytes, in monocytes, alveolar cells, epi- 
thelial cells as of the buccal mucus, in bone mar- 
row and in the peripheral blood or freely dis- 
tributed in affected tissue. 

Epideiniology and Geogj'aphical Distrilnttion. 
Histoplasmosis is probably not an epidemic dis- 
ease. It is believed that animals act as carriers of 
the disease. The portal of entry has been con- 
jectured to include the oral cavity, the respira- 
tory tract, the skin and the ear. 

To date, cases have been reported from 
widely distributed points in the United States, 
from the Panama Canal Zone, the Philippines, 
Honduras, Java, Argentina, Brazil, Austria, 
France, South Africa and Mexico. 

As fiir as can be determined, the incidence in 
histoplasmosis is not related to sex, color, age 
or nationality. 


Pathology. In general, there has been enlarge- 
ment of the spleen and liver accompanied in 
most ca.ses with tubercle-like nodules varying 
in size and simulating miliary tuberculosis. The 
superficial and deep lymph nodes have usually 
been enlarged. Most of the internal organs have 
been affected either with nodules or ulcers. 

Microscopically, necrotic areas are seen. 
These have a central proliferation with loss of 
cellular structure. The fungi are present in 
large numbers within large mononuclear cells of 
the reticulo-endothelial system. 

Clinical Manijestations and Synnptomatology. 
Like other mycotic infections which tend to 
become systemic and present a granulomatous 
picture, histoplasmosis can be divided into sev- 
eral distinct types: 

1. Cutaneous histoplasmosis. Clinically the 
lesions may be papules, papillomata, ulcers, 
suppurative processes with exudate or scaling 
nodules. 

2. Mucocutaneous type. The lesions are 
found at the mucocutaneous junctions spread- 
ing to the adjacent skin or mucous membrane. 
They are chiefly ulcerative. 

3. Otitic type. .^11 the symptoms of otitis 
media are present in this type. Histoplasmosis 
of the external auditory canal has been noted. 

4. Naso-oral type. The buccal mucosa is most 
often involved usually showing an ulcerous le- 
sion which tends to spread to the gums, palate, 
tonsils and fossa and then to the larynx. 

5. Systemic histoplasmosis. 

6. Pulmonary type. Histoplasmosis of the 
lungs has occurred in practically all of the cases 
that have been examined postmortem. It is 
similar in many respects to miliary tuberculosis. 

7. Gastrointestinal type. This is to be differ- 
entiated from amebic dysentery and ulcerative 
colitis. 

8. Genitourinary type. Histoplasmosis of the 
genitourinary tract is not an uncommon finding. 

9. Bone and joint type. Key and Large have 
reported the one case of this type recognized to 
date. 

10. Other types. The organism may cause an 
endocarditis. Brain involvement has been found 
in a few cases. 

Diagnosis and Differential Diapiosis. In order 
to establish the diagnosis, the organism must be 
either demonstrated or cultivated. 

The diseases which have been included in the 
differential diagnosis are: Delhi or Oriental boil, 
leukemia cutis, dermatitis exfoliativa, cutane- 
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OII.S leishmaniasis, blastomycosis, tuberculosis 
cutis, impetigo, noma, syphilis, otitis media, 
papillomata, rhinosporidiosis, leishmaniasis of 
the nose, carcinoma, kala-a/ar, miliary tuber- 
culosis, Atldison’s disease, Banti’s or Gaucher’s 
disease, aleukemic leukemia, lymphosarcoma, 
iymphadenoma, aplastic anemia, Hodgkin’s 
disease, pulmonary tuberculosis, pneumonia, 
ulcerative colitis, tuberculous enteritis, regional 
ileitis, amebic dysentery, bacillary dysentery, 
tuberculosis of bone, bacterial endocarditis, 
blood dyscrasias, undtilant fever and malaria. 

Propiosis and Trcatmcul. Histoplasmosis is 
invarialdy a fata! disease. Treatment has there- 
fore been extremely varied. — Mary Frances 
Fasliac. 

KOLN'fGF.N AND RADIU.M 'rHb'.RAPY 

Um.MANx, F.rich M., and Goi.oner, M. G. 
Use of the basal metabolic rate in the man- 
agement of radiotherapy for leukemia. Radt- 
edfr’v, h'eb., 1944, ./.?, 165-- 174. 

It was iound by chance in the examination 
m I'jy) of II leukemia patient who had had pre- 
vious treatment for lymphatic leukemia that a 
pathological rise in the rate of basal metabolism 
took place earlier than any change in the other 
syjnptoms of the ilisease and was also influenced 
by treatment earlier than the other signs of the 
iii'^ea'^e. It has long been known that the basal 
m-.'tabohc rate i*- high in the niajority of leu- 
kemia patients, d’his is true not only of lym- 
f’hatic and myelogenous leukemia bur also to a 
certain extent of Hodgkin’s disease. 

1 li'-rones and charts are given of a number of 
c.v-es in which this finiiing was confirmed by 
follo'.v-up. The metabolic rate runs parallel with 
the tmmlier fij leukemic cells and is evidently a 
TC'tilt of the high n?,'ygcn requirement of the 
jeokenur blfytd cells, 'Hiis would seem to indi- 
cate that the leukemia-- are a special and }>ecu- 
har type oj rieop'.-ism. other form of tumor is 
character :/cd h;.' mc.'-c.oed oxygen requirement. 
Tiiv u:i-:u mi .'als-'hc rate -hoiiK! therefore be 
i a-, the criterion for beginning; r.ml ternn- 
'■.afog’ •fe.-.O'ierit. h'o; merly ir was rhouL'hf aij- 
s cah’v to r.nhatio?] treatmeru in leukemia 
*.-’i ’’c.r mnrsbr'* <if v.Irtc ceils rerurr.cd to nor. 
m '.cTi;” often tc -ulted fatal h, nkopvma. lint 

t'v v'r-i' th.',' h.-'-al dr r.itc the dcftT- 
h lov-r" (hor-- »,iri be g-ivcn 



’J'hc authors give irradiation over the trunk 
at a distance of 100 cm. with single doses of 1 1 
to 35 r. 'Fhe number of rreatmenrs varies from 
two to thirteen and the patients tolerate these 
treatments very well . — /htdrey G. Morgan. 

Tice, Gales M., and Curras, E, J. Treat- 
ment of retinoblastoma; radiation therapy 
supplementing surgical treatment. Radiology, 
Jan,, 19445-/^, 20-33. 

Retinoblastoma is the second in frequency of 
malignant rumors of the eye. It develops in the 
ciliary portion or posterior segment of the re- 
tina and grows into the cyeb.il). It has a tend- 
ency to extend backward along the optic nerve, 
which renders surgical treatment difficult. 
About 90 per cent of the cases occur in children 
less than four years of age. 

The authors discuss 20 cases they have 
treated, 10 of which were bilateral. They recom- 
mend irradiation following enucleation of the 
affected eye. I'hc diagnosis can usually be made 
from the clinical picture but calcification occurs 
in 75 per cenr of these tumors and therefore 
roentgen examination should be made in an at- 
tempt to demonstrate the mottled irregular pat- 
tern ofsuch calcifications. 

I'hey insert monel metal radium needles, 
four to six, around the nerve stump of the enu- 
cleated eye immediately after enucleation. Tlie 
dose given varied from 400 to 1,000 milligram- 
hours. A dose as high as 1,350 mg-hr. lias been 
given. Low filtration is used in order to give a 
relatively intense dose in a comparatively 
short rime and at a short distance. But the 
caustic dose may injure the remaining eyeball 
if used there, so roentgen rherajiy with 200 kv. 
and heavy filtration is used for the other eye. 
The beam is directed tlirough three small fields, 
cross-firing the eychnll. Recurrent tumors are 
more apt to become infecretl than jirimary <mcs 
and therefore the authors use radium implants 
only after the removal of primary fiimors, not 
after recurrent ones. Any of tlie complications 
which occur after roentgen therapy, such as 
keratini/ation of the conjunctiva and corneal 
epithelium, glaucoma, cataract and atrcgdiy of 
the eyeball, may occur after this radium trc.it- 
ment. 

1 he hi'fones of the 2C casts .arc given. Joair of 
the p-at!cnt'. with untl.Ttera! tumor and 4 o! 

-.vjfh bdater.i! tumor arc 'till Jiving, a rc- 
t.ov(.ry r.ste of a-x p -r cent. 

If! the di-'-u-s- ron f>r, Kaplan said that m tlv' 
ir.'.idiafion of any It aon about the evr he ap- 
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plies a few drops of castor oil under the lid, 
which decreases the damage of the sclera by the 
irradiation . — Audrey G. Morgau. 

Cutler, Cancer of the larynx; radio- 

therapeutic test as an aid in choosing between 
operation and irradiation. Airh. Otoluj-yug.^ 
Jan., 1944, JP, 53-58- 

The difficulties associated with surgical pro- 
cedures performed on previously irradiated 
tissues are well known. Irradiation of the blood 
vessels and connective tissues injures them and 
thus impairs the circulation and delays normal 
healing. 7 'hese changes may also render the 
operative area more susceptible to infection. 
The degree and the duration of this damage of 
tissues depend on the extent and the type of 
radiation employed. In the early days of radio- 
therapy severe damage to normal tissues fre- 
quently occurred. Telangiectasis, atrophy and 
induration of the skin and subcutaneous tissues 
were common. An important feature of the im- 
provement in radiotherapy has been the better 
preservation of the tissues constituting the 
tumor bed. Thus, the ideal form of radiotherapy 
is specific in the sense that it destroys the neo- 
plasm without causing permanent damage to 
the connective tissue and blood vessels of the 
tumor bed. This progress has been accomplished 
by increasing the voltage of roentgen rays (400 
kv.), by increasing the filtration (5 mm. of cop- 
per), by using low roentgen intensity (4.2 r to 
6.3 r per minute), by using the smallest possible 
cutaneous fields (25 to 9 sq. cm.) and by using 
the penetrating gamma ray of radium when 
this method of treatment is indicated. 

In order to gain direct information on this 
problem in relation to the larynx, the author 
and his colleagues studied a group of cancers of 
the larynx treated by the latest methods of 
roentgen therapy followed by laryngectomy. The 
lesions had been diagnosed as carcinoma and 
were selected with great care as being too ex- 
tensive for laryngofissure but apparently not 
beyond cure by laryngectomy. Roentgen ther- 
apy was used as the initial procedure for one or 
more of the following reasons: (i) there was 
partial mobility of the structures leading to the 
possibility of adequate radiosensitivity for cure 
by irradiation; (2) the lesion was a small cell 
plexiform epidermoid carcinoma of the transi- 
tional cell type; (3) the patient was of advanced 
age or in a poor general condition; (4) the pa- 
tient requested or insisted that radiotherapy be 
tried as the initial procedure. 


Summary. 'I'he radiotherapeutic test proved 
to be of value in testing the relative radiosensi- 
tivity of carcinoma of the larynx. The informa- 
tion gained by use of this test is of practical 
value in helping decide between operation and 
irradiation under circumstances in which a de- 
cision is otherwise difficult. If the lesion shows a 
favorable response, the second cycle of treat- 
ment is administered; otherwise, laryngectomy 
is performed four to six weeks after the comple- 
tion of the therapeutic test. 

(In the 4 cases on whom treatment data were 
given, 4,975 to 5,400 r was delivered to one field 
within an eleven day period.) — Ma7-y Frances 
Vasthje. 

Rowe, Edward W., and Frazer, NIaurice D. 

Roentgen therapy of Wilms’ tumor. Radi- 
ology^ Feb., 1944, 42, 107-116. 

Wilms’ tumor is an embryonal mixed tumor 
of the kidney that usually occurs in children 
three to five years of age. They do not usually 
come for treatment until there is a palpable 
mass in the kidney region. The hematuria and 
pain seen in kidney tumors in adults are not al- 
ways present. These tumors should not be pal- 
pated more than is necessary as metastases take 
place through the blood. 

The authors describe and illustrate with 
roentgenograms 4 cases they have treated. 
They were in children five, eight, three and 
eight years of age. One case was treated by ope- 
ration followed by postoperative irradiation; 
the patient died within five months. The others 
were given preoperative irradiation followed by 
operation and postoperative irradiation. They 
are alive four years, two years and seven months 
after operation. From a review of the literature 
and their own cases, the authors conclude that 
the treatment of choice in these cases is pre- 
operative irradiation, operation and postopera- 
tive irradiation. In their preoperative irradia- 
tion they give a dose of 3,500 to 4,000 r mea- 
sured with backscatter through four to six 
fields, using 200,000 volts, Thoraeus A filtra- 
tion, 50 cm. distance, 18 ma. and a half-value 
layer of 2.250 mm. copper. 

Close cooperation between urologist and 
roentgenologist is necessary in order to deter- 
mine the right time for operation. Nephrectomy 
should follow preoperative irradiation in four 
to six weeks and operation should be followed 
by postoperative irradiation in three to six 
weeks, or as soon as the condition of the pa- 
tient permits . — -Audrey G. Moj'gan. 
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Ornuofi', Ben'JAxVSLv H. Castration in malig- 
nant and nonmalignant disease. Radiology, 
Feb., 1944, 4^, 1 59-164. 

Sex hormones not only stimulate growth but 
also stimulate the production of glandular ele- 
ments in the breast and prostate. The produc- 
tion of sex hormones is reduced or inhibited by 
castration, either surgical or by means of roent- 
gen rays. In the treatment of carcinoma of the 
prostate the first effort should be to bring about 
such decrease or inhibition of the action of the 
male sex hormone and in cancer of the breast 
inhibition of the action of the female sex hor- 
mone. There is no doubt that the hormone pro- 
duction of pregnancy and lactation stimulates 
malignant disease of the breast. Treatment in 
such cases should be first termination of the 
pregnancy, preferablyby irradiation and surgical 
removal of the products of conception if they 
are not discharged spontaneously. Preoperative 
irradiation of the affected breast should be 
given, followed by removal of the breast and 
postoperative irradiation of both the affected 
and nonaffected sides. This will bring about 
early cessation of menstruation. It is also ad- 
visable to continue irradiation of the pelvis at 
intervals of sixty to ninety days until all the 
symptoms of the climacterium have stopped, or 
for at least two years regardless of symptoms. 
Some androgenic agent, such as testosterone or 
desoxycorticosrerone propionate should be 
given in daily doses of 10 mg. or more during 
pf'.stopcrative irradiation and at intervals there- 
after.— -vWrrv G. Morgan. 

Scur.yvr.r, Lewis C., Thvuivm, ^Viluam J., 
aiul I'arei.e, David M. Further experience 
in the m:inngement and treatment of car- 
cinoma of the fundus of the uterus, with 5- 
year end .’■csuh.s in 75 patients. rRa. J. Obst. 
a (iyncc., Dec., 1945, .{(>, 786 -Soe. 

Tile author.^ include the following points in 
their Munmary .and conchiS'ions as the result of 
the stUiiy (it 127 patients having carcinoma of 
the fundu'.. This work is from the I^eparrment 
oif (tytieco’ogy .and the d'umor Clinic, Jefferson 
Medical College Hospital, Phil.'ulelphia. 

I, 7’he nvcragr .age of the postmennp.iusal 
crr.up w.is 5>.o years, .and the diagnosis was 
Ml 3': c red correctly ir? (/':• jH:r cent of the pa- 
tient' bccau-c of tl’ic po-.ftncnopaus.al fdeeding 
afotr,% d’h.e p-'.'-rmcnop.tu'-rit group tnchtded 

cent o,>' •he p-ittents with c.ircinorr.a of she 
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2. In the premenop.ausal group (21.3 per 
cent) the average age was 46.3 years. In 10 per 
cent carcinoma was not suspected. .Abnormal 
uterine bleeding was the most significant and 
reliable finding in 96 per cent of the entire series. 
It is among the younger women who have not 
ceased menstruating that irregular bleeding is 
too often regarded as benign in origin, and ill- 
advised or inadequate treatment results. 

3. The value of diagnostic currettage is ap- 
parent for omission of the procedure was es- 
pecially costly in certain instances. No known 
ill results followed its use. 

4. Fibromyomas were noted in approxi- 
mately 38 per cent of all patients treated surgi- 
cally and palpation suggested their presence in 
a number of irradiated patients. Previous pel- 
vic operative procedures had occurred in nearly 
30 per cent of all the patients. 

5. Carcinoma was thought to be limited to 
the uterus in 74 per cent of the patients when 
they were first seen. 

6. It is not a simple matter to establish a de- 
cisive gradation of malignancy in every case. 
Not infrequently the picture is a varied one. It 
would seem that low-grade lesions respond 
equally well to irradiation and surgery. How- 
ever, the survival rare in intermediate and 
high-grade lesions seems to be materially im- 
proved where irradiation has been a factor in 
the treatment, either singly or in combination 
with surgery. Progno.sis based on the grade of 
malignancy alone is uncertain; ir is only one of 
the various factors that must he considered. 

7. "Die various methods of treatment u.sed 
are described in derail with presentation of the 
relative five year end-results respectively, as 
follows: (a) surgery alone, iS.i per cent; (b) 
irradiation alone, 40.5 per cent; (c) surgery and 
irradiation, 38.4 per cent. Irrespective of the 
type of treatment, the five year end-results are 
38.6 per cent absolute and 39.1 per cent rela- 
tive. 

S. The authors are convinced that prelimi- 
nary irradiation with radium, followed by com- 
plete operation eight to ten weeks later is the 
treatment of choice in carcinoma of the fundus. 
With relation to intrauterine radium dosage, 
residual carcinoma was absent in 7 of 9 patients 
in the serio. wlm received an intrauterine dos~ 
age of 4,c-co to 5,C‘'0O mg-hr. --.V//7rv Frances 
/ 'ar.itu. 
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DIFFERENTIAL DIAGNOSIS OF TUBERCULOSIS IN 
JOINTS OF THE EXTREMITIES^^' 


By RAYMOND W. LEWIS, M.D. 
Roeutgenologisl to the Hospital for Special Sttrgery 

NEW YORK, NEW YORK 


A S LONG ago as I9'24, in roentgeno- 
logical and surgical journals, Phem- 
ister^*- recorded points which still stand 
as the principal distinguishing features of 
tuberculous and non-tuberculous suppura- 
tive arthritis. Since it appears that these 
criteria are not so widely known or so 
generally employed as their importance 
warrants, restatement and further illustra- 
tions seem indicated. 

In his articles Phemister wrote that in 
pyogenic (non-tuberculous) arthritis, the 
articular cartilage is killed and broken down 
first at the points of contact and pressure of 
opposing articular surfaces; that in these 
infections proteolytic ferments assist great- 
ly in the rapid removal of the necrotic 
cartilage. In terms of roentgenology, this 
means that in pyogenic arthritis there is 
early narrowing or disappearance of tlie 
joint space, and the earliest bone destruc- 
tion occurs on the opposing, or Aveight-bear- 
ing, portions of the articular surfaces. 

In contrast with this, Phemister notes 
that in tuberculous arthritis the articular 
cartilage is not killed first, but rather is 
protected at the points of contact and pres- 
sure of opposing articular surfaces; that its 


earliest destruction is peripheral, along the 
free surfaces where tuberculous granula- 
tions can grow onto and remove it. Proteo- 
lytic ferments, present in pyogenic infec- 



Fig. I. Tissue excised from a tuberculous joint. The 
articular cartilage is dead and detached from the 
bone, and lies unabsorbed in the joint. The path- 
ologic process illustrates how the joint width is 
maintained by the persistence of the cartilage even 
though dead. (Courtesy of Dr. Milton Helpern, 
Director of Laboratories.) 


* Presented at the Joint Meeting of the American Roentgen Ray Society and the Radiological Society of North America, Chicago, 
III., Sept. 24-29, 1944. 
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Fig. 2. Characteristic examples of proved tuberculous and non-tuberculous arthritis. 

A, tuberculosis: marked synovitis, well preserved joint width, slight bone destruction at the margins ol 
the weight-bearing portions of the articular surfaces. T. McK., male, aged twenty-seven, pain and dis- 
ability in the right knee of two years’ duration- Easily recognized rocntgenographically as tuberculosis. 
Specimen removed at operation reported tuberculosis by the pathologist. 

B, non-tuberculosis: marked synovitis, narrowed joint space, slight bony erosion on the weight-bearing 
portions of the articular surfaces. B. C., female, aged forty’-seven, pain and swelling of right knee of ten 
years’ duration. Sent to the hospital as suspicious of tuberculosis. Diagnosed roentgenologicaily as non- 
tuberculous arthritis. Report of pathologist on specimen removed at operation: chronic proliferative 
synovitis. 


tions, are absent in tuberculous arthritis, 
and masses of dead cartilage ma)-- persist for 
months or years, showing few signs of 
progressive destruction. The first disap- 
pearance of the bony cortical shadow (that 
is, bone destruction) is usually seen pe- 
ripherally, about the margins of the weight- 
bearing portions of the articular surfaces, 
where there has been absorption by the 


granulations. These observations, in terms 
of roentgenology, mean that in tuberculous 
arthritis there is preserv’^ation of the joint 
width for months or years, since the carti- 
lages, though dead, are still present to hold 
the bones apart; and that the earlic-st bone 
destruction is not on the contiguous op- 
posing bony surfaces, but about the margins 
of the weight-bearing surfaces. 
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Fig. 3. Proved case, recognizable roentgenographically as early tuberculosis. Roentgen findings; Severe 
synovitis, joint space well preserved, small areas of bone roughening and deposit anteriorly, posteriorly, 
and medially at the margins of the upper tibia! articular surface. History: R. D., male, aged twenty-one, 
had spent eight months in a sanatorium because of pulmonary tuberculosis. Four months ago struck his 
left knee, since when he has had pain and swelling. Roentgen report: strongly suggestive of tuberculosis. 
Pathologist’s report: tuberculous synovitis. 

To these primary points of differentiation arthritis occurs rapid and severe osteo- 
may be added a few other distinguishing porosis immediately about the joint, doubt- 
characteristics: (i) in acute suppurative less the result of the acute congestion of the 



Fig. 4. Proved tuberculosis in a child, showing that the pathological processes and roentgenographic findings 
are essentially as in adults. History: F. F., female, aged four, had for the past twenty months been under 
treatment at this hospital for tuberculosis of the ankle joint, with onset of symptoms twenty-one months 
ago, and with the diagnosis established three months after onset by guinea pig inoculation of fluid aspirated 
from the ankle joint. Roentgen examination twenty-one months after the onset of symptoms {A) showed 
marked synovitis, no narrowing of the joint space, no evidence of bone destruction. Shortly after this, 
the patient left the hospital for a six year interval, eventually returning only because of weak feet. At this 
time she had no complaint with reference to the ankle, and physical examination and roentgenographic 
examination gave no suggestion of present or recent activity. The disease was either quiescent or cured. 
Roentgenographically (fi) the joint width was found normal, there was slight old irregularity of the bones. 

Comment. In a case of proved tuberculosis of the ankle joint in a child, followed for two years and then 
re-examined six years later when the disease ivas either quiescent or cured, there was never narrowing of 
the joint space. 





ViG. 6. Enrlv tuberculosis of the ^vri,.r joint, following t«l^rcuh^_<: 

Koenlgenf^rnm shows small area of bone erosion on the proximal -,../acc .1 
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part. This rapid and marked osteoporosis 
is usually lacking in tuberculosis, which is 
a “cold” infection, not characterized by 
vascular engorgement; (2) acute pyogenic 
joints show a distinct tendency to repair 
and ankylosis, features which are custom- 


arily absent in tuberculosis; (3) in tuber- 
culosis the adjacent muscles frequently 
show marked atrophy, wliich is not the case 
in acute pyogenic infection. 

To summarize: In acute suppurative 
arthritis we find acute osteoporosis, early 



Fig. 7. Unproved, but probabK earl> tuberculosis of the wrist joint. Shown bec.ause of similarity to the pre- 
ceding case. History: S. N., female, aged forty-eight, complained of pain and sw'elling of the wrist for three 
months. Roentgen findings; Soft tissue swelling about the wrist, small area of erosion on the w'aist of the 
scaphoid bone at the margin of the articular surface, no narrowing of the joint width, widely distributed 
homogeneous osteoporosis, atrophy of the lower forearm. The patient left the clinic and placed herself 
under the care of an orthopedic surgeon in a neighboring borough. A letter from him seven months later 
reported that he had been unable to confirm or disprove the diagnosis of tuberculosis, but that the clinical 
course gave much evidence for confirmation. 

Covinient. The clinical course .uid the characteristic roentgen findings, in the light of the preceding case, 
seem to warrant a provisional diagnosis of tuberculosis. 


at the margin of the articular surface. No decrease in joint width. History; S. K., male, aged fifty-six, 
history of swelling of the wrist for five to six years. Clinical diagnosis, tuberculous tenosynovitis of flexor 
tendons at the wrist. Roentgen findings supported this diagnosis, but also show'ed the scaphoid erosion, 
the serious import of which none of us fully appreciated. The tendon sheaths w-ere removed successfully at 
operation, and the diagnosis of tuberculosis was confirmed by the pathologist. Unfortunately the tubercu- 
losis of the wrist joint progressed rapidly, and upon examination roentgenographically seventeen months 
after operation the disease was found far advanced. 
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decrease the joint width, bone destruc 

tron first on the weight-bearing portions of 
of surfaces, usually little atrophy 

djacent Jnuscles, a distinct tendency to 
epair and ankylosis after the earjy 'de- 
structive stage. In tuberculosis we find 
less osteoporosis, late persistence of the 
joint width, bone destruction first peripher- . 
ally on the non-weight- bearing portions of 
the articular surraces, usually considerable 


Raymond W. Lewis 


Of-roBrs, jf,.; 

ba* of majority evidence and hope he h 

Another confusing element in the dif 
ferential diagnosis is an apparent difference 

joint^ in certain 

jonts. In hips, for example, we have 

seldom observed the criteria established bv 

i hemister; and our earliest recognition of 

tuberculosis in this location is usually on 

the basis of a more or less chronic dcstrnc- 



Fic, 8. Proved case, recognizable roentgenographically as tuberculosis. Roentgen findings: Considerable 
soft tissue swelling, good preservation of joint space, areas of bone erosion on the lateral aspect of die 
lateral humeral condyle, at the lateral margin of the capitellum, and on the lateral border of the radial head, 
History: S. G., male, aged fifty, with complaint of limitation of motion and swelling of the cll)ov.’ for 
two years. Guinea pig inoculation of aspirated material was |)ositive for tuberculosis. In spite of im- 
mobilization in piaster and a winter spent in Florida, the destructive process was found to have progressed 
very markedly when he was examined roentgenographically sixteen months later. 


muscle atrophy, little tendency toward re- 
pair and ankylosis. 

If these infections would always follow 
their textbook patterns and show their 
characteristic features, recognition would 
be exceedingly simple. Unfortunately, how- 
e%^er, there are so many variables due to dif- 
ferences in virulence in the invading 
organisms and reactions in tiie hosts, that 
disease characteristics often become greatly 
interchanged, the roentgen findings are far 
from clear cut, and the baffled roentgenolo- 
gist can only cast his diagnostic vote on the 


tive disease of bone and cartilage, with little 
or no evidence of repair. And this, J am 
sure, is a fairly late stage. Although there 
might be an actual difference in the pattern 
of disease invasion of this joint, due to dif- 
ferences in anatomy and function, the more 
probable explanation i.s that vve fail hi this 
joint to show those early manifestations of 
the disease which we are successful in de- 
picting in the more distal and much more 

accessible joints. , , . 

Further difficulty in diagno.d.s is mtro- 
iuced by that manifestation of joint tuber- 
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Fig. 9. To sho\% that other conditions may simulate tuberadosis. and as a warning against overconfidence in 
roentgen diagnosis. Proved case of lymphatic leukemia of the ellx)w- joint, presenting the roentgen chanic- 
teristics of moderately advanced mberculosis. History: C. D.. male, .aged fifty-three, developed pain and 
swelling in the right elbow three and a half months ago. About tw'o weeks after onset, his private physician 
made an incision, under gas anesthesia, and pus w-,as said to have Feen evacuated. Since that time the 
wound has dmined. Upon pre.«enting himself to the clinic the patient complained of a .‘jwollen, function- 
less eilx3w, dr.lining slightly from a sini s. There were no systemic symptoms. 

Rcentgenognims (.■/) showed a markedly swollen elbow, with extensive old destruction of the articular 
surfaces, without rep.air other than slight productive changes alwut the neck of the radius, with preserva- 
tion of the joint space. The condition was beiicved almo<t certainly to Ue extensive old tubcrculosi's. 
diagnosis of lymphatic leukemia w as established by blood count and e.x.nmination of a !> mph node excised 
from the axilla. Radiation treatment was given at Memorial Hospital. The patient was seen at follow'-up 
examination eighteen months later, his geneml condition was found gwd, he had good elbow function, he 
had been working for a year, his blood count was 
still characteristic of lymphatic leukemia, the 
roentgenogram iB) showed excellent healing and 
no evidence of any present viisease. 





Fig. 1C. Unproved, but beyond doubt tubcrculos's of 
the shoulder joint, in a p.itient with widely dis- 
tributed proved tuberculosis. Roentgen findings: 
Soft tissue swelling, joint width preserved, area of 
Kme dcstn:ct!on and rexiction at and aixnit the 
media! niarg'm of the humeral articular surface. 
History; F. I*., Negro, aged twenty-one. wasoper- 
.’-ted upv'n tor .an undiagnosed destructive and 
pn->ductive Icsh'in of the tiUa! shaft. The disease 
spread into tiie knee joint, which was operated 
u|x-«n twice, and then th’gh .imputation w.is ixir- 
formed. Patho'ogist's rejxirt: Bone and synovia! 
tulvrculos’s. The patient develo;x:d several other 
ftxn in the extremittes, including the shoulder, and 
developed pulmonary in\o’vemcr.t. with jx^skivc 
roentcen findings and srutum, mun which he d’cd. 
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culosis commonly called caries sicca, d’hc 
reasons for the occasional occurrence of this 
quite different pattern of tuberculous in- 
vasion are apparently unknoun. In our 
rather limited experience with it, we have 



I'ki. II. Rather rypic.il c:i5c of proved tui)crci!lr)sis 
of the hip joint, sliouinu that the tistiaj rrjcntgcn 
diagnostic criteria are not, as a rule, demonstrable 
in this joint. Koentgen findings: .Striking demin- 
eralization of the bones, with csjiccially p<xjr bone 
detail in the upper hemisphere of the femoral head, 
with good preservation of the joint width (this is 
often not true), with soft tissue .swelling. 7’his 
could he identified only as a low grade destruefivt- 
type of arthritis with no repair, suggestive but 
not definitely j'Kisitive of lubercuiosis. History: 
l'\ DeG., female, aged thirty-one, came to the 
clinic with nine months’ history of p.iin and stilf- 
ness in the hip. She w-ns roentgenographed and 
followed in the clinic and hosp'n.a! for eight months 
before she developed stifheient .’■oentgen evidence 
to w.irr.anr surgical intervention. Mie.'-o'o-tpic 
study of removed tissue csr.iidisinni the (Jiaenos;-. 

In the hip joint nx-ntcen lindin-"- 
p-ithognonutnic of tuberculosis arc r.nt the rule. 
Tile disc.i*^e may be susjvected when there ate evs- 
denec.s of monarricular i;hr>>n;c de^truefive infrc- 
riou.s .arthritis. 


snmeiimcs been succo'-{tii tn 
Inrgclv liy proccs- o'i fltminztit/.n 
'piint, vatfi vc.ryiny i!ecn:r;> ol 
)vjnche-'i <mi i'Kiny ero,-;orf and 
Ivgn' cKCitvption in P-n;I gn-out ' 
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- : ^ ‘vovunn - -vvnat dSr PV-* 

It well be: ‘ . 

Of diseases other than acute .supptmr;.,. 
nrtfintis „i,h ,vl,idi toiler.:..!,,;” „f y. 
joints of extremities might he 
itdc need be said, diic appearance of 
rheumatoui arthriti.s is quite ditl'crcr.t, a- ' 
many jomts are invoiecd. 'j’hcrc is ordi, 
narily no confusion with neuropathic ioi.arn 
where the destruction is laraelv mcchanira!, 
^Vith luetic joint.s other than Chationy I 
nave little familiarity. Villonoiiular vru:- 
viti.s produces a large linggy joint* with r.. 
suggestion of bone or cartilage ahnornuduv, 
and not even osteoporosis. Of rare ioin? 

* I % * I* 4 » 


involvements in leukemia, 
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and so forth, one can say only that they are 
confusing, they should be borne in mind, 
and that their diagnosis rests mostly on 
evidence other than roentgenologic. 

SUMMARY 

1. Pliemister’s significant work on tuber- 
culous and pyogenic infections of the joints 
of extremities, so far as this applies to 
roentgenographic differential diagnosis, has 
been reviewed. 

2. Roentgenographic characteristics of 
pyogenic (non-tuberculous) infections of 
extremity joints are: acute osteoporosis, 
early decrease in joint width, earliest bone 
destruction on weight-bearing portions of 
articular surfaces, usually little atrophy of 
muscles, a tendency to repair and ankylosis. 

3. Characteristics of tuberculosis: less 
osteoporosis, late persistence of joint width, 
earliest bone destruction peripherally about 
the margins of the weight-bearing surfaces, 
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usually considerable muscle atrophy, little 
tendency to repair and ankylosis. 

4. These differential points appear not 
to apply to hip joint infections, or to cases 
of caries sicca. 

5. Lymphatic leukemia, and probably 
other conditions, may simulate tuberculous 
arthritis. 

6. Illustrative cases have been pre- 
sented.* 

32! East 42nd St., 

New York, N. Y. 
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internal derangements of the knee JOIN! 

OF SOFT TISSl'K ROENTOl-A' 

examinations and the vacuum technique. 

DEMONS! RATION' OF THE MENISCI* 


jiy J* CERSIKIV-COHEN, MJ). 

rE.S'.S'SVI.VANIA 

'T^HE roentgen examination of that large and who.ie field of illiiniiiiatir.:i am I.- re -ii. 
J- group of patients v.-ith derangements of latcd in .size and shape Mr ..ptir,,™:, 
the knee joint could be made indispensable visualization of soft srnirtiireniitlinee 
i[ roentgenologists would heed Cart;-/ The iincm.il mtiiisrus may he demon, 
Rerguson/ Lewis/ Dittmar,' Nordlieim,^' srrated simply by traction <)r abtiuction ut' 
Evans, and others,'*^ who have proved the the leg. Ir is our practice to place the pa- 
value of soft tissue and meniscus studies. tienr in the recumhent pfi^ition an hih siilr, 
•Among the soft structures which can he with a sand liau between the tai’lc anti the 
demonstrated in the knee joint are die skin, lateral aspect of die knee to he exatniniHi. 
the subcutaneous layer with its large \'eins, A liorizontal roentgen-ray hearii \< ilircctcif 
the rectus femorls, the vasti, the supra- anterofKfsteriorly through the knee v hilt- a 
patellar space, the patellar ligament, the technician forces the leg into ahi luctiun 
infrapatellar fat pad and Its extetisions, against the table top- The i;:’:p*>urc is nuule 
tile gastrocnemius and hamstring tendons, two or dircc sccfmds after the inituuson at 
the adductor muscle and its tendon, the nhduedon because, if m.ide eariicr or later, 
cartilage lining of the joint, the tihial col- the full vacuum is not revealed due to in- 
lateral ligament, tiie extracapsiilar bursae complete dispersion or to fdhng uf* >>i jIh; 
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monstrated in either knee joint, it is pre- 
sumed that the patient falls into the small 
“20 per cent group in which the internal 
meniscus cannot be demonstrated nor- 
mally. To illustrate, suppose one is called 
upon to examine a football player whose 
knee had locked during a recent scrimmage. 
If the meniscus in the injured knee cannot 
be demonstrated while the meniscus in the 
healthy knee can be demonstrated, these 
findings are taken to indicate the presence 
of excess synovial fluid in the injured knee, 
even diough there is no clinical evidence of 
swelling. If the meniscus in either knee 



Fig. I. Technique for the examination of the in- 
ternal meniscus. A sand bag may be placed under 
the lateral aspect of the knee to be examined with 
the patient in the lateral recumbent position and 
while a technician abducts the extended leg by 
pressing the ankle towards the table top, an 
anteroposterior exposure of the knee joint is made, 
directing the roentgen-ray beam horizontally. 

cannot be demonstrated, then these find- 
ings have no value. 

Slight excess synovial fluid may be pres- 
ent without clinical detection in cases of 
chronic as well as acute injury or disease, 
so that it is our practice to make bilateral 
meniscus examinations a routine procedure 
in all examinations of the knee. 

The quality of the roentgen diagnosis will 
depend on the care with which all the clini- 
cal facts are gathered and appraised. Pre- 
suming an intimate knowledge of the 
appearance of the normal soft tissue struc- 
tures, in the light of a well documented 
history and physical examination, the 
slightest irregularities in the roentgenogram 


can be interpreted properly in pathologic 
terms leading to a precise diagnosis and 
prognosis. This averts making a roentgeno- 



Fig. a. Soft structures of the knee joint which can 
be studied roentgenographically in the lateral view. 

logic report describing shadows in vague 
meaningless terms which hedge the diag- 
nosis until the value of the roentgenologic 



Fig. 3. Soft structures of the knee joint which can 
be studied roentgenographically in the anteropos- 
terior view. 


consultation has been reduced to a mini- 
mum, if not rendered discouragingly am- 
biguous. 

The finding of slight excess synovial fluid 
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Fig. 4. Normal internal meniscus, tibial collateral 
ligament, subcutaneous layer, long saphenous vein 
and skin over inner aspect of knee joint. 


fat pad might be die explanation and this 
can be seen as a swelling on the inner side 
of the patella in the longitudinal view. If 
there has been only a rupture or a sprain 
of the tibial collateral ligament, a localized 
swelling of the ligament may be seen cor- 
responding to the point of greatest pain and 
tenderness. Occasionally, the demonstra- 
tion of the meniscus in a swollen knee will 
indicate the absence of excess synovial 
fluid; the swelling in these cases may be 
found to be due to subcutaneous edema, 
enlargement of bursae, periosteal damage 
or hemorrhage, a torn ligament, cysts, or 
hypertrophied ftit p3.ds. Such precise dif- 
ferentiation, not possible by physical ex- 
amination, can be made by careful roentgen 
examination of the soft structures. 

IN'l’ERNAL DERANGEMENTS OF THE 
KNEE JOINT 

The attachments of the menisci var) 
widely and this markedly influences the 
symptomatology. Thus one individual may 


in an acutely injured knee, evidenced by a 
failure to demonstrate the meniscus, sug- 
aests that the roentgenologist look tor 
abnormal changes in the structures if 
he is to report findings which explain the 
patients’ symptoms. There may ® ^ 
actual fracture or loosening of the attac - 
ments of a meniscus, especially if there is 
swelling of the tibial collateral 
or there may be a swelling o 
“lllteral ligJntent resulting 
The structures m the region of 
collateral ligament are seen bes t 

anteroposterior and 

knees are fniured" >ith the healthy 

Td’^ead Iv determine the slightest 
Side and reaai ^ important be- 

swelling in th|S are ^ 

cause most actual j corain and 

’"'IrTof'^etS collateral ligament. In 

swellmg of the ti , 1 ,^ 

cases where there meniscus, 

anterior horn of the 

there is - When all the symp- 

dwangement are present 
:^ept tltaToflocking, damage to the alar 
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wrench his knee severely without displace- 
ment of the cartilage and another may have 
displacement simply with ordinary use on 
a staircase or on the dance floor. The con- 
genital anomalies naturally produce symp- 
toms early in life and those that appear in 
cltildhood are apt to be due to these con- 
genital irregularities, especially common in 
the external disc. The highest incidence 
of symptoms occurs in the age group be- 
tween fifteen and twenty-five years. In a 
large number of cases encountered in a 
relatively short time at a Naval Training 
Center recently, more than 60 per cent of 
the cases fell into this age group; but even 
when the statistics are culled from the 
civilian population, similar findings have 
usually been made. Athletics is the princi- 
pal immediate cause of symptoms in most 
cases, usually football, basketball or drill 
maneuvers. In some occupations, as min- 
ing, especially in the low gallery mines of 
England where miners work in a kneeling 
position with their toes turned out, there is 
also a high incidence of chronic internal 
derangement of the knees. 

The initial symptoms may be sudden, 
severe and intense and then become pro- 
gressively less disabling with each recur- 
rence; or the first symptoms may be almost 
insignificant, but with each recurrence they 
may become progressively more severe. 
Again, the symptoms of the first attack 
may be mild and change slightly in char- 
acter during the chronic recurrent phases of 
the disease. Finally, in some instances, the 
initial symptoms may be severe and remain 
so with few remissions. These various 
trends in the course of the disease depend 
chiefly on the structural characteristics of 
the joint ligaments and the nature of tlie 
initiating mechanism. An intense acute on- 
set is due usually to concomitant damage to 
the ligaments. Locking, which does not oc- 
cur until late, may be the result of progres- 
sive stretching of the ligaments with each 
recurrent attack. Whether locking occurs 
early or late in the course of derangements, 
the acuteness of tlie symptoms is usually 
due to the initial sprain and swelling of the 
ligaments. Some care must be exercised in 



Fig. 6. Internal derangement of the knee joint result- 
ing from a football injury which caused locking. 
There is slight swelling of the synovia and of the 
mid-portion of the tibial collateral ligament. The 
presence of slight excess fluid in the joint space 
precluded demonstration of the meniscus by the 
“vacuum technique.” At operation, the surgeon 
(Dr. M. A. Stevens) found a detachment of the 
posterior horn of the internal meniscus. 

getting the facts about locking; limitation 
of motion is sudden and immediate in disc 
injuries whereas limitation of motion due 
to effusion, pain or spasm comes on gradu- 
ally. Conversely, a sudden “unlocking” is 
characteristic of a released interposed torn 
meniscus fragment, while gradual restora- 
tion of full knee motion is associated with 
resolution of a synovial effusion and muscu- 
lar spasm. In football injuries true locking 
occurs in 60 to 80 per cent of cases but the 
incidence from other accidents, such as a 
fall, a blow or a twist is relatively low, prob- 
ably less than 2.5 per cent. Tenderness is 
usually localized over the site of the torn 
portion of the meniscus, whereas the 
tenderness which may be found with ef- 
fusion is usually not localized. The mere 
presence of local tenderness is not always 
indicative of a torn cartilage, because local 
tenderness may also occur over a tear of the 
tibial collateral ligament or over a localized 
contusion. Since all these conditions may 
be associated with synovial effusion, the 
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knee in over 20 per cent, pain in slightly loose’ bodTerwhrre\“ iffectbus noVtuE' 

A_careful clinical examination may lead E&ularcEXr" ^ 
to the proper diagnosis without a roentgen Loose bodies occurring in normal iomt, 
examination, but its omission can deprive by detachment of the articular surface arc 
the clinician of extremely valuable informa- seen more frequently in males than in 
non. In uncomplicated injury to a menis- females, and usually between fifteen anil 
cus, swellmg of - the synovia with excess twenty-five years of age. The convex sur- 
synovial fiuidj swelling of the tibial col- face of these bodies, which may be oval and 
lateral ligament and inability to demon- about the size of an almond, is apt to he 
strate the internal meniscus by the vacuum smooth, while the opposite surface is rough 
technique may be the only roentgen find- and wrinkled. They arise usuallv from the 
ings in support of the clinical diagnosis; under surface of the inner femoral condyle 
but it is the absence of other roentgen evi- or from the posterior surface of the patella 
dence of disease which may be of even and while they are commonly single, two 
greater importance to the clinician in the or more are seen occasionally in the knee 
treatment of these cases. joint. These bodies may be only incom- 

pletely detached, but when fully detached 
LOOSE BODIES j g defect in the articular surface at 


Loose bodies may be single or multiple, 
pedunculated or free, laminated or non- 
laminated and they may originate from 
unorganized fibrin, necrotic portions of 
synovial membrane, organized connective 
tissue, cartilage or bone. Hemorrhage into 
a joint may be a source of fibrin, later form- 
ing a loose body. Necrotic synovia, part of 
an arthritic process, may be another source 
of loose bodies. This is quite cornmon in 
tuberculosis which is associated with loose 
bodies that have ragged margins and 
shaggy surfaces at first, but which soon be- 
come smooth and glistening, not unlike 
melon seeds in appearance. Some loose 
bodies originating from hypertrophied syn- 
ovial fringes may be due to trauma, syno- 
vitis or osteoarthritis; others originate from 
hy'pertrophied fat pads as lipomas before 
becoming detached. Loose bodies due to 
bone or cartilage are usually of arthritic 
origin, but they may come from normal 
joint structures from which they have be- 


the site of their origin may be seen having 
the same size and shape as the body; this 
condition is often seen bilaterally. 

Loose bodies due to synovial chondromas 
may be single, multiple or diffuse, peduncu- 
lated or free. Although these bodies may 
arise from cartilage cells normally present 
in the synovia, they usually come more 
often from the connective tissue cells of the 
membrane. The single chondroma may or 
may not be laminated and the surface is 
usually smooth, even if made up of low 
lobulations. The laminated chondromas 
tend to occupy pouches or recesses of the 
synovial membrane, and because they 
usually erow larger than most other loose 
bodies', they seldom get caught between 
the articular surfaces. Fisher® believed that 
some loose bodies may be due either to 
direct traumatic detachments or to separa- 
tion of portions of the articular .surface fp' 
a pathologic process following injury, .simi- 
lar to a localized form of traumatic ostco- 
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arthritis. Shattock^® called these formations 
“epiarticuiar ecchondroses” while Konig 
called the condition “osteochondritis dis- 
secans.” The concept is held by many that 
trauma is at least one factor in this condi- 
tion just as it is conceivable that by in- 
direct strain with violent pull on the 
cruciate ligaments, detachment of a small 
portion of the articular surface might be 
effected. 

The clinical diagnosis of loose bodies is 
based on the history of sudden attacks of 
severe pain, often followed by swelling or 
momentary locking, due to the body be- 
coming suddenly nipped either between the 
articular surfaces or between the capsule 
and joint ends. The momentar)'" locking 
may be associated with the presence of 
external swelling, and the patient may 
make this observation and find it necessary 
to push the body inward to free the joint. 
Large bodies may give rise to less acute 
symptoms since tliey are unable to engage 
themselves between the articular surfaces. 
Those bodies which remain firmly attached 
to the synovia or in pockets of the articular 
surface without getting pinched between 
tlie articular edges seldom if ever cause 
symptoms. 

The roentgen demonstration of loose 
bodies in anteroposterior and lateral views 
of tile knee is not easy even when they are 
calcified or ossified. The longitudinal view 
of the patella, oblique and lateral views in 
extension and flexion in over-exposed films 
are necessary to furnish all the available 
roentgenologic evidence in the detection of 
loose bodies, especially in those bodies still 
undetached in the cartilage layer. Thicken- 
ing of the synovia due to diffuse liyperplasia 
can be seen by careful attention to the soft 
tissue shadows, and this furnishes a clue to 
the presence of chondromata which might 
be felt but which cannot be seen in 
the roentgenograms. Other invisible loose 
bodies, derived by trauma from the articu- 
lar cartilage, may be suspected after finding 
defects in the cartilaginous outline of the 
femoral condyles and the patella, especially 
in the longitudinal view. The meniscus 



Fig. 7. An old rupture and chronic sprain of the tibial 
collateral ligament. There is periosteal prolifera- 
tion and calcification of hemorrhagic infiltration 
around the lower attachment of the swollen tibial 
collateral ligament. A football injury, which oc- 
curred one year prior to this examination, resulted 
in marked swelling of the knee during the first 
twelve hours following the injury, but this was not 
associated with locking. This swelling subsided 
with rest after a few days, but there have been 
intermittent recurrences of similar swelling follow- 
ing slight twists or excessive strain during the year 
preceding this examination. Pain and tenderness 
have always been localized over the medial aspect 
of the knee joint. 

examination usually rules out the presence 
of an injury or a loose body and so, these 
two conditions, which mimic each other so 
often, may be differentiated. Having ex- 
cluded the presence of a ruptured meniscus 
and having demonstrated the presence of a 
loose body, the roentgen examination alone 
is responsible for an accurate differential 
diagnosis in this large group of derange- 
ments of the knee joint caused by loose 
bodies. 

SPRAIN OR RUPTURE OF THE TIBIAL 
COLL.A.TERAL LIGAMENT 

The tibial collateral ligament is a broad 
flat membranous band situated nearer to 
the back than to the front of the joint. Its 
attachments extend from the abductor 
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I’lG. 8 . 0rgani2ed ossifying periostitis around injured 
upper attachment of the tibial collateral ligament. 
The meniscus could be demonstrated, indicaUng 
absence of excessive synovial fluid. This knee had 
been injured seven years prior to this examination 
in a football accident which caused immediate 
swelling, limitation of motion, pain and tenderness, 
especially over the inner aspect of the k^^e joint. 
No locking occurred. Since the iniml injury, there 
have been recurrent episodes of giving way of the 
knee joint followed by transient swelling. 


to occur, which often takes place in con- 
junction with injuries or ruptures of the 
menisci. Sprain or rupture of the tibial 
collateral ligament causes pain and tender- 
ness on the inner side of the joint ever the 
attachments of the ligament. The short 
posterior or oblique portion of the ligament 
is likely to be sprained when there has been 
injury to the internal meniscus. If signs of 
an injured internal cartilage fail to develop, 
a ruptured tibial collateral ligament may be 
diagnosed by the persistence of swelling, 
pain and tenderness on the inner aspect of 
the knee. Recurrences are not infrequent 
when the original injury has been inade- 
quately treated, A minor twist or turn is 
sufficient to bring on a recurrence, causing 
a sudden “giving way” of the joint followed 
by swelling, and a chronic condition may 
then supervene with the evolution of a 
chronic arthritis. Additional symptoms 
may become evident such as increasing 
abduction of the leg and thickening of the 
tibial collateral ligament due to fibrosis or 
ossifying periostitis. In severe injuries, 
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there may be an avulsion of tlie periosteum 
where the ligament is attached to the bone. 
This occurs more frequently from the fem- 
oral than from tlie tibial attachment and 
when this condition heals, it resembles 
Pellegrini-Stieda’s disease. 

The roentgen findings in the acute phases 
of injury to the tibial collateral ligament 
include visualization of soft tissue swelling 
around the knee, more marked on the inner 
aspect. Swelling caused by contusion and 
edema is slight, but swelling caused by 
hemorrliage is apt to be marked. Synovhis 
is usually present with ligamentous in- 
juries and the slightly increased synovial 
fluid which is present precludes demonstra- 
tion of the meniscus. Definite swelling or 
thickening of the injured portion of the 
tibial collateral ligament can be demon- 
strated more easily by comparison with the 
opposite knee in tlie roentgenograms. This 
is best seen in the anteroposterior and 
oblique views. In the chronic phase of 
sprain or rupture, fibrous tliickening of the 
ligament may be visualized, sometimes with 
adjacent fibrosis in the perifocal overlying 
subcutaneous tissues. Rarely is ossifying 
periostitis present in the region of the 
ligamentous insertions. 



Fig 10. Longitudinal patellar view of osteochondritis 
dissecans (same case as in Fig, 9). 



Fig. II. Bilateral synovial chondromas with thick- 
ened synovia in a patient whose knees give way 
intermittently without locking. 


PERI-ARTICULAR BURSITIS 

The many bursae about the knee are not 
demonstrable normally by roentgen exami- 
nation, but they may be seen when they 
fill with fluid as the result of bursitis. Slight 
swelling of the suprapatellar bursa, and the 
synovia witli which it is continuous, is 
easily detected roentgenographically. This 
bursa is quite distensible and it can contain 
a surprisingly large amount of fluid. The 
prepatellar bursa is readily visualized when 
it contains only minimal amounts of fluid. 
The clinician is sometimes unable to ex- 
clude a co-existing synovitis in the presence 
of a prepatellar bursitis, but by the use of 
the technique to demonstrate the meniscus 
and by examination of the suprapatellar 
bursa ard the patellar fat pad, the roent- 
genologist can easily furnish the correct in- 
formation. Swelling of the pretibial bursa, 
not infrequently found with Osgood-Schlat- 
ter’s disease, is nicely delimited by roentgen 
examination. Cysts of the posterior bursae 
or synovial membrane may be visualized 
if careful inspection of the soft tissue out- 
lines is made routinely. These cysts may 
arise from any bursae, but they are general- 
ly encountered in the posterolateral aspect 
of the knee. With extension and flexion of 
the knee, these cysts may change in size 
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and shape, being directly connected with 
the synovial space. Lateral examination of 
the knee in flexion and extension may con- 
firm these clinical findings, an important 
consideration to the surgeon called upon to 
treat the case. 



cartilage that normally receives a partial 
covering of synovial membrane where it is 
crossed by the popliteus tendon; and it is 
at this crossing w'here these cysts arc 
found. He ascribed direct or indirect 
trauma as their cause through strain exer- 
cised by the popliteus tendon. 

The local swelling and pain caused by 
these cysts can be detected clinically, hut 
careful study of the soft tissue shadows by 
the roentgenologist leads to a more ac- 
curate diagnosis. The demonstration of the 
meniscus in these cases rules out the pres- 
ence of a torn or displaced meniscus, which 
is not done with ease clinically. 



Fig 12. Hypertrophy of the Inner alar fat pad. 1 he 
demonstration of the internal meniscus confirms 
extracapsular limitation of condition. 
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easily overlooked unless routine scrutiny of 
the soft tissues is a confirmed procedure. 

MISCELLANEOUS CONDITIONS OF THE 
SOFT TISSUE 

Varicosities of the popliteal and long 
saphenous veins and of some of tlieir 
branches can be seen in roentgenograms 
without difficulty. Contusions with extra- 
capsular edema or hemorrhage can be dis- 
tinguished from intracapsular swellings and 
confirmed by the demonstration of the 
meniscus. Conversely, traumatic synovitis 
can be separated from contusion or other 
extracapsular swellings, and confirmed, by 
failure to demonstrate the meniscus be- 
cause of the presence of excess synovial 
fluid. This differentiation between intra- 
and extracapsular causes of knee swellings 
by tire roentgen examination can be a 
source of much satisfaction to botlr the 
clinician and roentgenologist. 

SUMMARY 

1. The technique for the examination of 
the menisci is discussed. 

2. The value of tlie roentgen study of the 
soft tissues of the knee in conjunction with 
examination of the menisci is stressed in 
achieving accurate diagnoses of derange- 
ments of the knee joint. 

3. A review is made of conditions which 
simulate internal derangements of the knee 
joint, and the roentgen appearances of the 
menisci and soft tissues in each of these 
conditions are described.* 

* For discussion see page 354. 
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Two authors, Geschickter and Copeland, “ 
definitely state that, histogenetically, the 
source of new bone is fibrous strands in the 
muscle, or tags of precartilaginous con- 
nective tissue of embryonic origin which is 
displaced from the primitive periosteum. 
A hematoma may be the important ante- 
cedent to the ossification. Dean Lewis has 
been quoted as stating that stripping of the 
periosteum due to injury is the source of 
the new bone which is formed at this site. 
These authors maintain that this would ac- 
count for some types, but not for the 
myositis ossificans derived from cartilage. 
The mottled appearance of the calcification 
extending into the muscle seems to dis- 
prove that periosteum to any degree has 
been displaced for the reason that as a lim- 
iting membrane of ossification it tends to 
produce a rather circumscribed bone lesion. 
Their opinion is that injured vessels sup- 
plying tfte area traumatized may account 
for the increased calcified deposition with 
a chemical background stimulating bone 
formation. 

That bone formation of a heteroplastic 
character may begin as a course either of 
cartilage or fibrous matrix is well recog- 
nized. The vascular increase in the cartilage 
with ossification about the small vessels 
indicates osteoblastic activity. The strands 
of connective tissue attempt to become hy- 
aline with osteoblasts influencing calcifica- 
tion of the osteoid tissue, later followed by 
true bone. The process is one of metaplasia, 
and fibroblasts assume the function of os- 
teoblasts. Finder,'’ in 1937, presented ex- 
cellent microscopic evidence of the forma- 
tion of heterotropic bone and quotes the 
work of Freund^® and his theory of mechan- 
ical irritation of tissue by edema causing 
calcification and osseous formation. Ep- 
stein® and his co-workers found metaplastic 
bone formation in advanced calcification. 

Ewing" believes that several conditions 
may influence the osteoblastic tendencies in 
fibroblasts: (a) the new bone formation 
results from osteoblasts wandering away 
from the periosteum; (^) calcified deposits 
occur frequently in ossification of necrotic 


tissue; (c) actively productive inflammation 
with organization of dead tissue and hemor- 
rhage is essential in the ossification of 
muscle tissue after trauma; (d) there may 
be special predisposition to calcification and 
ossification, possibly related to the dis- 
turbance of calcium metabolism. 

The concepts set forth by Barr^ regarding 
all phases of abnormal calcification have 
been emphasized by Ghormley,^^ and give 
the following as local causes contributing 
to the deposition of calcium: (a) fatty de- 
generation; (If) formation of phosphoric 
acid in the tissue; (r) combination of pro- 
tein with calcium (not proved); (d) alkalin- 
ity of dead and dying tissue. Barr further 
adds that calcified deposits are probably 
not composed of a single substance. Burge'* 
and his associates advanced the hypothesis 
that active injured and dying tissues are 
electronegative to inactive and uninjured 
sound tissues. They showed experimentally 
that injury renders tissue electronegative 
to the uninjured portion and that calcifica- 
tion may result from the combination of 
positively charged calcium ions of the 
blood with negatively charged phosphate 
ions of the injured tissue. 

Klotz^'* demonstrated the essential mech- 
anism of calcium deposition which is always 
preceded or accompanied by the formation 
of soaps in the degenerating tissue, to 
which calcium is immediately attracted 
from the body fluids. Hitchcock^® stated 
that these soaps may be found in the 
peripheral zone of the calcareous infiltra- 
tion while calcium is still being laid down, 
even when the process is extensive. Re- 
placement of the fatty acid by the stronger 
phosphoric and carbonic acids rapidly en- 
sues, giving rise to the more stabile calcium 
phosphates and carbonates of wdiich these 
deposits are largely comprised. Hitchcock 
described calcium deposits about the vari- 
ous joints initiated by trauma and vaguely 
mentioned the ankle as one location wdiere 
this may occur. The consensus of many 
w'orkers is that calcium deposition in these 
related conditions does not mean a dis- 
turbance of generalized calcium metabolism. 
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A brief survey of the anatomy of the 
ankle as a hinged joint is in order. The 
talus, the tibia and the fibula are the bony 
components of this joint. The distal ends of 
the tibia and fibula are strongly bound to 
each other by the interosseous ligament 
which fades upward into the interosseous 
membrane. The anterior and posterior mal- 
leolar ligaments and the inferior transverse 
ligament assist in the syndesmosis. The 
thin ligamentous articular capsule sur- 
rounds the joint and is attached above to 
the articular margins of the malleoli and 
the tibia and below to the articular margin 
of the talus. The deltoid ligament on the 
mesial aspect and the external lateral liga- 
ment (the anterior and posterior talofibular 
and calcaneofibular ligaments) on the outer 
aspect flank the joint on these surfaces. 
The tendons of' the tibialis posterior, 
flexor digitorum ;’''ngus and the flexor hal- 
lucis longus sui wt and reinforce the 
ankle joint posteriorly. These are encom- 
passed in mucou sheaths and bound 
down by the ligamentum laciniatum. The 
posterior tibial vest, l^ ^d the tibial nerve 
also pass beneath / as-f\ ous band which 
extends from the tib’^1 malleolus to 
the margin of the alcaneus. The strong 
tendo achillis, aris ig from the gastroc- 
nemius and soleus i. uscles, is attached to 
the posterior surface of 'the calcaneus with 
an interposed bursa between the tendon 
and the bone. Areolar and adipose tissue 
fills the space between the Achilles tendon 
and the structures on the posterior aspect 
of the tibia. This zone, roentgenographi- 
cally, has been named by us the supracal- 
caneal triangle for lack of a better term, 
with the boundaries, the anterior border of 
the tendo achillis, the posterior aspect of 
the tibia and the contiguous soft tissue, and 
the base, the posterosuperior surface of the 
calcaneus. Superficially, it is marked by 
prominent lateral depressions just above 
the heel Anteriorly, the transverse crural 
ligament binds down the mucous sheathed 
tendons of the extensor digitorum lon^s, 
extensor hallucis longus, peroneus tertius, 
tibialis anterior and the anterior tibial ves- 


sels and deep peroneal nerve. Another liga- 
ment, the cruciate, can be found just below 
the transverse crural also enveloping these 
tendons on the anterior aspect of the ankle. 
The peroneal retinacula (external annular 
ligament) embraces and fastens down the 
tendons of the peroneus longus and brews 
laterally. The prominent malleoli are read- 
ily observed and can be palpated. Between 
the medial malleolus and the anterior 
tibial muscle, a small indentation in the 
soft tissue can often be seen with a similar 
concavity between the lateral malleolus and 
the peroneus tertius. These depressions in- 
dicate the level of the ankle joint. When 
intra-articular pathologic involvement ex- 
ists, they are smoothed or bulged out. 

Trauma is the predisposing factor for the 
production of para-articular calcification 
and is elicited in the history. The individual 
may have suffered a minor injury such as a 
sprain several weeks before, or a severe 
wrench may have occurred which at that 
time suggested the possibility of a fracture. 
Pain of considerable intensity persists long 
after the injury and initial treatment, and 
varies from a dull throb to one of lancinat- 
ing character. The patient complains that 
walking causes discomfort even to the 
point of inability to bear weight. Usually 
some edema and soft tissue thickening are 
present. There is a definite restriction of 
motion and an aggravation of the pain on 
manipulation of the joint. Localized ten- 
derness exists behind the malleoli with 
some obliteration of the lateral depressions 
anterior to the Achilles tendon. The soft 
tissue swelling is of the indurative type with 
but little pitting possible. No mass or calci- 
fied tumor is palpable. With such a picture, 
one should then suspect the possibility of 
para-articular calcification or ossification. 

The absolute diagnosis of this para- 
articular syndrome can only be made by 
serial roentgen studies. At the time of the 
injury, the roentgenogram usually reveals 
no osseus involvement, with only soft tis- 
sue thickening and infiltration about the 
joint. The triangular dark shadow de- 
scribed above the os calcis posteriorly an 
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called the supracalcaneal triangle can be 
encroached upon or obliterated as the 
result of hemorrhage or exudate which may 
be intracapsular or extracapsular, or both. 
Subsequent roentgenograms after an inter- 
val of three to four weeks will show the de- 
posits of calcium. These can be found paral- 
leling the surface of the posterior malleolus 
of the tibia, the superior anterior aspect of 
the talus, or along the lateral margin of the 
fibular malleolus, with a definite clear space 


from ossification. Later studies may reveal 
a fusion between the ossified density and 
the adjacent bone. At this stage, the simi- 
larity to a traumatic arthritis or a healed 
avulsion sprain fracture is indistinguish- 
able. 

The classification by Petrignani-- for the 
knee of the two main t}qDes of para-articu- 
lar involvement can well be applied to the 
ankle and depends upon the stage of de- 
velopment as to the type; (a) the evolutive; 



Fig. I. The bony structures appear normal. No fracture can be seen. Clouding of the joint posteriorly exists 

with encroachment on the supracalcaneal triangle. 


between the calcification and the bone, in- 
dicating the para-osteal origin of the for- 
mation. Calcified particles are often seen 
between the fibula and tibia and laid down 
in the interosseous membrane. The appear- 
ance of the calcifications is variable with 
a prevalence of the crescent shape of the 
deposit opposite the posterior lip of the 
distal end of the tibia. Many are linear at 
other sites. Calcification in a hematoma is 
usually of rather diffuse appearance with 
the deposits irregular and amorphous and 
confined to the mass density of the hema- 
toma. The formations of calcium initially 
are amorphous which may ossify with 
trabecular structure permeating the new 
growth. In this respect alone can calcifica- 
tion be differentiated roentgenographically 


(^) the stabilized. The former type of in- 
volvement appears fuzzy and has haz}^ mar- 
gins with different degrees of opacification 
in the adjacent connective tissue. The sta- 
bilized t)'pe is a mature, contracted and 
well defined density. 

The series of cases observed at this sta- 
tion hospital are 4 in number and present 
similar findings clinically and roentgeno- 
graphicallv. A single case report is sub- 
mitted. 

C.A.SE REPORT 

The patient, a white soldier, aged twenty- 
two, on January 12, 1944, was wrestling with 
another soldier and twisted his right ankle. At 
this time, he experienced considerable pain with 
swelling of the ankle soon following. He had dif- 
ficulty in walking, with limited mobility of the 
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result of his poor response to this therapy, a 
recheck roentgenogram was taken on February 
23, 1944. The roentgen report indicated “a 
linear film-like calcification between the fibula 
and the tibia apparently in the interosseous 
membrane. The deposits seemed to fade into 
the periosteum of the tibia about 3 inches above 
the ankle mortice. A crescent-shaped calcifica- 
tion along the posterior malleolus of the tibia 
could be seen and was not attached to the bone” 
(Fig. 2). 

The soldier was then recommended for less 
arduous duty and phj’-siotherapy was initiated. 
His symptoms improved within a period of two 
to three weeks with an abatement of the pain, 
and he carried out minor duties (clerical) suc- 
cessfully. Another roentgenogram was taken 
on May 10, 1944, which showed "the posterior 
deposit now to be of bony character and fused 
to the tibia. The interosseous calcified deposits 
remained the same” (Fig. 3). Clinically, the 
full range of motion of the joint had not re- 
turned; there was a limitation of eversion and 
dorsiflexion, and slight discomfort was still 
noted. 

TREATMENT AND PROGNOSIS 

The more conservative measures of immo- 
bilization and physiotherapy are logically 
tlie methods of choice. In the individual 
having moderately severe symptoms, bed 
rest with elevation of the extremity 
slighdy above the level of the hip, and ice 
packs applied locally acting as mild an- 
esthesia, tend to control the pain and 
discomfort. Salicylates with small doses 
of codeine may occasionally be needed. The 
milder cases are sent back to limited duty 
with a desk job prescribed as well as a re- 
quest that the patient be exempt from 
physical training, marching formations, 
and duties requiring standing for any 
length of time. Diathermy is administered 
frequently with considerable amelioration 
of the physical symptoms. 

If pain persists in the joint after con- 
servative therapy, additional measures may 
be required. Injection of an anesthetic into 
the joint can be carried out as tlie results 
obtained by Leriche^^ in sprained ankles are 
unusually good following injection of an 
anesthetic into the traumatized tissues on 


the basis of his conception of sprain as an 
injury of the intraligamentous nervous sys- 
tem. His contention is that pain is due to 
contractures and that early injection into 
the periarticular structures is necessary. 
Unquestionably, there is a definite thera- 
peutic value in this procedure but one must 
not forget the fact that some danger is con- 
nected with this method and an infection 
can be incurred. 

Several men^®’^"’-® have attempted sur- 
gical treatment of the condition in the knee 
which has been followed by a recurrence of 
the calcification. They strongly advocate 
allowing the lesion to become stabile before 
any surgical intervention is instituted. This 
seems reasonable in view of the similarity 
to myositis ossificans. 

Radiation therapy has been used by 
Bellucci- with favorable results in respect 
to involvement of the knee. Other investi- 
gators are more conservative in acknowl- 
edging the use of irradiation in conditions 
similar to this one. Its use would seem most 
advisable in recent lesions of the evolutive 
t)q)e. The more mature calcification would 
tend to show less regression and dissolution 
of the deposits. Probably pain and muscle 
spasm may be influenced and benefited by 
irradiation based on the theories offered 
and discussed by Desjardins.® While we 
have not the therapy equipment at our 
hospital to adequately and properly irradi- 
ate these cases, irradiation undeniably has 
merit in conservative therapy. 

The prognosis of disability of the ankle 
joint depends on the type and extent of the 
injury. In this condition, our cases have 
shown a partial disability of fairly long 
duration with a limitation of the functional 
capacity of the individual. An average of 
15 per cent restriction of motion exists over 
a period of several months. The pain usu- 
ally lessens during this time; whether this 
is due to improvement in the condition or 
an elevation of the pain threshold in the 
individual cannot be definitely ascertained. 
It is likely that the maturity of the lesion 
as well as disappearance of the edema about 
the ankle contributes to the diminution of 
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the pain factor- Full function is not entirelv 
regained, and some clinical manifestation 
o disability remains. The calcifications 
persist and undergo either individual ma- 
turity or fusion. Spontaneous regression 
niay occur but this has not as yet been seen 
m any of our cases. 

I wish to thank Captain I.C. Winter, Captain J. J 
Haggerty and Captain W. G. Hansen for their co- 
operation and suggestions in the preparation of this 
paper. The Army .Air Forces Training Command 
deserves credit for the prints of the illustrations. 
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Dk. Law'resxk Rev.volps, Detroit, .Michi- 
gan, J wi.sh to compliment Dr. Gcr.shon-Cohtn 
for a splendid presentation of an imporr.ani 
subject. Since 1937 we have been making this 
type of e.vamination both at our office ami at 
Harper Hospital, and we have examined a 
number of case.s. Over one hundred cases have 
been operated upon as a result of this type of 
examination and in two of those cases wc had 
missed the lesion. 

The technique is an c.x'cclient one for the ex- 
amination of injuries to the knee joint in that 
it is not a difficult one, but it does require a 
very special, meticulous care in the examination 
of these patients. .As Dr. Gershon-Odicn doy., 
wc cx'amtne both knees in the antcrojio-tcnor 
projection and also in the lateral projer'fon* 
with particular attention to the loit ti-sue de- 
tail, which he has .so nicely shown in hi- toer.t- 
genogranis. We esmtiiine these three films befotc 
wc "stretch the knee” i>cc,iir-t wc w.ini to ly 
sure there is no contraindication to the -frcti’/i- 


ing of the knee jffint. Our met 
tioii is CExentmlly the same a 
Cohen's, Our roentgenograms 
stretching the knee arc made e 


Iks} ot cxatniti.'.- 
s Dr. (icf-hor.- 
;it the time ot 
■if her it; tlw at!- 


'crojxi'-terifir or the po .rercfaiitcnor p-roje; 

U'c aho have had tvo nr three ca-e. where 
there appeared to be a ■I'mlit rcvenrf.Ue.r, 
the cartisaue .after it had hecr, rrn:o-ved, not 
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appearances similar to regeneration will be 
shown on the roentgenogram taken during the 
stretching of the knee joint. 

We have found that in cases where there was 
injury to the cartilage, there is a small amount 
of sclerosis along the margin of the internal 
tibial tuberosity. This may be very slight and 
requires careful examination. If a magnifying 
glass is used in'the study of the anteroposterior 
view, a slight sclerosis will be seen which gives 
some clue and that and a very small amount of 
effusion in the suprapatellar bursa of the injured 
knee, as well as an inability to demonstrate the 
internal semilunar cartilage, are the criteria for 
making the diagnosis. We try to be very careful 
in this sort of examination because unless the 
technique is carried out properly, one may be 
misled in the interpretation of the roentgeno- 
grams. 

We have not been able to show the external 
semilunar cartilage with any degree of satisfac- 
tion and I am pleased to know that Dr. Ger- 
shon-Cohen has been able to show it in about 
20 per cent of his cases. 

Of course we never use this type of examina- 
tion in acutely injured knees. It is used in 
those cases in which the patient gives a long 
history of disturbance in the knee joint. How- 
ever, with this method of examination I think 
one can demonstrate very definitely whether or 
not there is a derangement of the cartilage. 

Dn. Ralph S. Bromer, Bryn Mawr, Penna. 
Captain Piatt is to be commended for bringing 
to the attention of roentgenologists this lesion 
of the ankle joint. He mentioned two types of 
the lesion, the evolutive and the later type in 
which the fuzzy, variegated appearance of the 
calcification changes to a stabilized type which 
is a well defined, sharply outlined, calcified 
shadow. Pellegrini, in describing the lesion in 
the knee joint, attempted to go somewhat fur- 
ther and explain the characteristics of the lesion 
according to the nature of the injury. Thus, 
those secondary to sprain were small and pre- 
sented regular margins, while those secondary 
to or around a hematoma were more squat and 
globular and sometimes irregular in outline. He 
also stated that in the knee joint when the 
lesion occurred after attempts at mobilizing a 
partially ankylosed joint the calcified areas 
were quite large, voluminous and irregular. 
After sprains of the knee joint the lesion was 
often longitudinal, after contusion it was often 
transverse, and after both sprain and contusion 


combined it was expansile in both directions. I 
think it will be interesting to note whether such 
distinctions can be made in the ankle joint. 

The medicolegal aspect of this lesion is im- 
portant and, again to quote Pellegrini, his rules 
for indemnification of cases in Italy may be 
useful. He stated that (i) no indemnity should 
be granted in cases where ossifications are slight 
and when no atrophy of the joint or any other 
joint changes are present; (2) minimal indem- 
nity could be granted when atrophy or joint 
changes are slight or when the lesions are con- 
spicuous in the roentgenogram; (3) when func- 
tional limitation is severe, indemnity should be 
higher but emphasis must be laid on the fact 
that only a small part of the disability is usually 
due to the ossifications themselves. 

In regard to the case shown by Captain Piatt 
it would seem that the location and its close 
relation to the interosseous membrane would 
be an argument in favor of the periosteal tear 
theory in the production of the lesion. 

Dr. Lewis is to be commended for drawing 
our attention again to the work of Phemister on 
the differential diagnosis of pyogenic and tuber- 
culous arthritis. There is one point that is 
worthy of mention in regard to the long preser- 
vation of the joint space in tuberculous ar- 
thritis. If, in cases of pyogenic arthritis, the 
infection begins in an extra-articular location 
near the capsule of the joint, the joint cleft 
may be preserved until the infection finally rup- 
tures into the joint. This may be confusing in 
that at first it may resemble the picture of a 
tuberculous arthritis. Once the rupture has oc- 
curred the cleft disappears as described by Dr. 
Lewis in pyogenic infection. 

Dr. Ross Goldex, New York. I have long 
been an admirer of Dr. Lewis’ skill in the inter- 
pretation of soft tissue shadows about joints, 
particularly about the knee. It seems to me that 
we have not yet devised the best technique for 
the knee joint shadows. If we use a technique 
which shows the soft tissues, we are likely not 
to get the detail of the center of the bone. On 
the other hand, if we show the center of the 
bone, we are likely to obliterate the soft tissues. 
We have been trying in some cases the taking 
of roentgenograms with a heavy filter, o.i mm. 
of copper, using about 75 kv. If one is careful 
not to overexpose, one can get bone structure 
and can show, in some cases beautifully, the 
soft tissue structure, the tendons, etc., around 
the knee joint. 
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I do not think that is as yet tlie ideal tech- 
nique. Possibly a combination of exposures on 
the same immobili'/xd joint, using a heavy filter 
and then taking the filter out for perhaps 10 to 
25 per cent of the exposure and using an unfil- 
tered beam, would be still better. We need to 
do a little more experimenting with technique 
to show the knee better. 

I have also been admiring Dr. Gershon- 
Cohen's work with these meniscus and other 
knee injuries, and I would like to ask him 
whether he believes we should use that tan- 
gential view of the patella in all cases of routine 
examination of the knee, or whether he feels 
it is necessary only in the injured cases. 

Dr. Gershon-Cohen (closing). I wish to 
thank Dr. Reynolds and Dr. Golden for their 
very kind remarks. 


Any technique that can be used to bring out 
the various soft structures, such as the method 
advocated by Dr. Golden, is highly desirable; 
but I think that, finally, more can be accom- 
plished by making regular exposures without 
special techniques for different tissues and re- 
sorting instead to the use of special viewing 
apparatus for obtaining all the information the 
roentgenogram has to offer. * 

So far as the tangential view of the patella 
is concerned, I suppose the question resolves 
itself into one of economics and individual 
preference. If each patient could be examined 
clinically by the roentgenologist, perhaps it 
might be possible to exclude those cases in 
which this view could be omitted. Nevertheless, 
if the tangential view of the patella is not taken 
routinely, it is surprising how much valuable 
diagnostic information is lost. 
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A ttention is usually directed to the naso- 
^ pharynx by angina, epistaxis, dys- 
phonia, dysphagia, nasal or pharyngeal ob- 
struction and cervical adenopathy. Such 
attention is not usually given this region 
when the presenting symptoms are a slight 
alteration in hearing, tinnitus, pain in the 
maxilla or mandible and symptoms refer- 
able to the various cranial nerves. That 
these latter signs and symptoms should 
indicate a most painstaking search of the 
nasopharynx for malignant lesions is not a 
matter of common knowledge, in spite of 
numerous expositions on the subject in the 
last thirty years. 

Nasopharyngeal tumors have been given 
careful consideration by otolaryngologists, 
roentgenologists, and pathologists, yet, un- 
fortunately, there are very few patients 
whose pathological condition is diagnosed 
before an advanced stage is reached. 

Transitional epithelial cell carcinoma has 
been, in our experience, the most common 
variety of tumor found in the nasopharynx. 
It comprises over two-thirds of tlie naso- 
pharyngeal growths observed in the De- 
partment of Radiology of the Baptist 
Memorial Hospital. The tumor is an un- 
usually cellular growth, which invades and 
infiltrates surrounding structures and me- 
tastasizes rapidly. It is composed of ex- 
tremely undifferentiated, anaplastic cells 
and its clinical course is very characteristic, 
usually rapidly fatal. 

Tumors, other than transitional cell, 
have been excluded from this study; all 
cases have exhibited tj’pical clinical symp- 
toms and the reports of the biopsies have 
been positive. 

These tumors are considered to be rare, 
yet 1 6 have been observed and treated in a 
period of five years, from July, 1937, to 
July, 1942; also, at least sixty articles on 


the subject appear in the literature, some 
containing large series of case reports. 

HISTORICAL 

In 1 903 Krompecher^® described an undif- 
ferentiated tumor of the nasopharynx 
which he believed arose from the basal cell 
layer of the mucosa and named it basili- 
oma. However, Trotter-^ was the first to 
point out the unusual clinical features of 
this disease in 1911. In his description of 
“Certain clinically obscure malignant tu- 
mors of the nasopharyngeal wall,” he noted 
“the unusual difficulty in making this di- 
agnosis,” and the very- important point 
that “diagnosis is entirely dependent upon 
the recognition of symptoms of infiltration 
of the nasopharyngeal wall, extension into 
the cranial cavity, involvement of the eu- 
stachian tube and early metastases to the 
glands of the neck.” 

In 1921 Reverchon and Coutard^® re- 
ported from Regaud’s Clinic a tumor which 
was highly radiosensitive and composed of 
anaplastic cells of epithelial origin inter- 
mixed in a syncytium with varied numbers 
of leukocytes. Because they believed that 
these cells arose from cells located around 
lymphoid tissue deposits in the pharynx 
and nasopharynx which resembled both 
epithelium and lymphoid cells, they called 
it lymphoepithelioma. In the same year 
Schmincke^” described a tumor which dif- 
fered slightly from the Regaud type in that 
the principal cells were scattered diffusely 
in a loose reticulum. 

In 1921 Jacod^ recognized the growth 
and wrote of it as “peritubular sarcoma.” 
He believed that the intracranial extension 
took place by way of the bony part of the 
eustachian tube but was directed forward 
into the middle fossa by the denseness of 
the petrous bone. 


* From the Department of Radiology, Baptist Memorial Hospital, Memphis, Tennessee. 
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In 1931 New^5 o£ Mayo Clinic 
brought to the attention of American 
otolaryngologists the syndrome of malig- 
nant tumors in the nasopharynx. 

Woltmann^^ analyzed the* neurological 
findings in News cases and isolated case 
reports collected from the literature the 
same year. In 1923 Crowe and Bavlor^ 


October, 


the wall of the pharynx. There may be 
s ignt ulceration, and if ulceration is present 
a yellowish mucoid membrane may ob- 
scure It. J curious characteristic of the 
p-owth is its tendency to sp'ead widely 
hoieath the mucous inembrane without 
causing ulceration. This has been empha- 
sized by Cappell" in his study of Ivmpho- 


-I 1 M 1* , , HI uis scuay of ivmDho 

described the findings and results of surgi- epithelioma. The neoplasm 'burrows ^be- 

cal and radium therapy on a large number neath the mucous membrane invading the 
of cases of sarcoma and carcinoma” of deeper tissues of the pharynx and extending 
the nasophaootx, many of which would through the basal foramina into the middfe 
now be considered transitional cell carci- fossa of the skull. The muscles of the neck 

• • , . . infiltrated. The eu- 

iuc term trRnsitional coll opidcnnoid stachian tube^ quite early^ may be coni- 
carcinoma was introduced by Quick and pressed or completely blocked'. Cases of 
Cutler^' in 19 - 7 * They were impressed by mastoid destruction by extension tlirough 
the lack of usual squamous cell features in the eustachian tube have been described. 


Metastasis to the lymph nodes of the neck 
is a very early and common feature. Dis- 
tant metastases often occur in the late 
stages of the disease. 

The process usually extends into the 
skull by way of the floor of the middle 


the carcinomas and their high radiosensi- 
tivity. Hayes Martin^^ has written ex- 
tensively on the therapeutic aspects of the 
disease. 

PATHOLOGY 

This neoplasm usually begins in the ...v — -- — ^ 

nasopharynx in or near the fossa of Rosen- fossa. It is probably prevented from ex- 
muller, in the vault around the pharyngeal tending dorsally into the cervical verte- 
tonsils, on the lateral wall, the palatine brae and soft tissue by the dense pharyn- 
tonsils, the lingual tonsils, the base of the geal aponeurosis. This structure may tend 
tongue and rarely the hypopharynx. There to direct it upward into the sphenoid and 
have been cases described that were found temporal bone. Most writers have believed 
in the ethmoid and maxillary sinuses, but that invasion of tlie cranium takes place 
it is questionable whether this was the pri- through the basal foramina. Martin and 
mary focus. Secondary foci have been de- Blady^'^ indict the foramen lacerum and 
scribed by Gardham due to contact of Jacod the eustachian canal and the petro- 
poE’poid nasopharyngeal growths. temporal suture. Some of our patients ex- 

Trotter divided his cases into two t>T3es: hibited so much erosion of the greater 
(i) those that were polypoid and extended sphenoid wing that it seemed probable that 
into the nasopharynx, sometimes to such a the invasion took place by invasion and in- 

’■ ’ ' filtration of the bone itself. In some in- 


^ 7 

degree as to obstruct the nares, displace the mcrauuu ui uic .xi. ... 

soft palate and produce symptoms of stances the foramina could be clearly de- 
pharyngeal obstruction; (2) those in which fined in an area of partial destruction, 
this pohmoid development was absent. A recent autopsy, reported by Bacli, 

The second class of tumor is more com- Lederer and Palevsky,^ included a descrip- 
mon and much more difficult to diagnose, tion of the route of invasion. There was 
When observed in the nasopharynx the destruction of the petto-occipital suture, 
tumor is commonly small and may present the foramen lacerum, the greater sphenoid- 
S a slight flat nodule in the region of the al wing and tlte tip of the petrous pyran d 
eu taclLn tube or fossa of Rosenmuller. They believed the tumor grew by erod g 
R mav be slightly pink in color and ap- and replacing the bone, havmg a special 
preciable only as a perceptible hardening in affinity for the marrow spaces. 
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Once in the cranial cavity, it burrows 
beneath die dura but seldom breaks 
through. It may extend along the cavernous 
sinus, destroy the clinoids and invade the 
orbit through the superior orbital fissure. 
It rarely enters the posterior fossa yet the 
petrous apex is often eroded and one of our 
cases showed destruction around the jugu- 
lar foramen. 

It is quite probable diat most cranial 
nerve involvement occurs in the cavern- 
ous sinus and not necessarily in the basal 
foramina.* This is particularly true of die 
tliird, fourth, ophthalmic branch of the 
fifth, and the sixth nerves, since they course 
through the cavernous sinus to emerge 
through the superior orbital fissure and 
not through the floor of the middle fossa. 
Involvement of the abducens nerve, a com- 
mon complication, would, then, usually 
indicate invasion of die cavernous sinus. 

Involvement of practically all the cranial 
nerves has been reported. Those most 
commonly affected are the fifth, sixth, 
third and fourth as shown by reports in 
the literature. Involvement is progres- 



luG. 1. Low power photomicrograph of typical sec- 
tion of transitional epithelial cell carcinoma. 

* An article by Lenz“ emphasizes this point. 



Fig. a. High power magnification of same section, 

sivelv less on either side of these four 
¥ 

nerves, in ascending or descending order. 

MICROSCOPIC PATHOLOGY 

It is not our intention to enter into a 
discussion of the cellular pathology and 
identification of the cell origin. There is 
considerable confusion in the literature and 
disagreement among pathologists as to the 
nomenclature and biologic nature of these 
tumors. Regaud, Schmincke, Capped, and 
others, have described these lesions under 
the term lymphoepithelioma. Although 
some pathologists attempt to differentiate 
the Regaud, Schmincke and Ewing t}'pes, 
in America it has been the custom to group 
them under the term advanced by Quick 
and Cutler, and Ewing of “transitional 
epithelial cell carcinoma. 

Salinger and Perelman^® in an effort to 
simplify the nomenclature submitted a 
group of microscopic slides to tliree pa- 
thologists. Altliough there was a certain 
uniformity of opinion, some of tlie same 
sections were classified under lymphoepi- 
tlielioma, transitional cell carcinoma and 
anaplastic epidermoid carcinoma. Thus, the 
exact terminology is often modified by per- 
sonal opinion and experience. 
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Fig. 3. Locations of pimary lesions in 15 cases. 

Ewing'*'''’’*' has pointed out the extreme 
difficulty in making a clear distinction be- 
tween the anaplastic growths of this region. 
A recent careful study by Frank, Lev and 
Blahd^ compares the different types ot 
cells and, despite balanced objections, re- 
tains the term transitional cell carcinoma. 

The fundamental cell in our senes of 
cases was relatively large with indistinct 
cytoplasm. There was no intercellular 
bridging. The cells grew in a bose s>m- 
cytium, in narrow columns which infi - 
trated the surrounding submucosal tissue, 
or in tightlv packed sheets. Lymphocytic 
infiltration was either marked or dear!} 
evident. The cell nuclei varied somewhat m 
sive but were usually rather arge and 
round or oval with sharp nuclear mem- 
branes. They were *-derately hjerc w 
matic. Nucleoli w'ere numerous and stainet 
deeply The cytoplasm was indistinc , 

fnoderately ^-^^P^ilic and ^ c- 
sidcrably in amount in different sliUe.s. 1 n c 

ells sicmed in »cver.,l 

sarcomatous in appearance, ! tt _ 

tore a resemblance to rct.culmn c lls. I c 

mtmbcr of mitotic figures was lugb- 


was little difference in the appearance of 
the section regardless of whether taken 
from primary lesions located in the fossa of 
Rosenmiiller, the faucial tonsil or near the 
pharyngeal tonsils. Those from the large 
polypoid tumors were similar to those ob- 
tained in the flat infiltrative lesions. Of 
great interest w^as one section, taken from 
a recurrent polyp several months after ir- 
radiation, w'hich shouted cells that were 
definitely more adult and differentia ted in 
appearance than w^ere the original sections, 
before irradiation. 

CLINICAL FINDINGS 

Even wdien the disease had reached an 
advanced state the diagnosis was often 
difficult to make. Unless the tumor, itself, 
had reached large proportions, the primary 
lesion was easily overlooked. On occasions, 
when all clinical signs pointed to the pre.s- 
ence of this disease, repeated nasopharyn- 
geal examinations were necessary before 
the lesion was located. Although it can 
usually be seen with a mirror, it has in 
several instances, been found only uith . 
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nasopharyngoscope. The latter instrument 
is also valuable in observing the effect of 
irradiation on the lesion. 

The symptoms were variable and often 
vague and confusing. They resembled, as 
Woltmann puts it, “a melange of head 
symptoms.” Patients complained of “dou- 
ble vision,” “sinus aches,” “severe tooth- 
ache,” “facial neuralgia,” “deafness,” 
“roaring or clicking” in one ear, and diffi- 
culty in breathing through the nose. There 
was blindness in one eye, ptosis, internal 
strabismus, dilatation of the pupil, severe 
pain in the face and jaw, difficulty in swal- 
lowing, trismus, deviation of the uvula or 
tongue, and other findings indicative of 
cranial nerve involvement. 

Many of the patients gave a history of 
fruitless operations. Two patients had had 
mastoidectomies, i repeated sinus opera- 
tions, and 8 repeated insufflations of the 
eustachian tube. Three had had paracen- 
teses, 5, dental extractions, i an ethmoidec- 
tomy for proptosis, actually due to invasion 
of die orbit. New commented upon the 
large number of operations in his series. 

A unilateral compression of the eustachi- 
an tube occurred early in the disease in 12 



Fig. 5. Early cervical metastases in same patient. 





Fig. 6 . Same case, four weeks after irradiation. 

instances. This is usually a minor symp- 
tom and is described as a clicking sound or 
a roaring and may be associated with a 
serous discharge. A careful interrogation is 
usually necessary to obtain this history. 
Most patients will suffer a definite diminu- 
tion of hearing in one ear by the time they 
come for treadnent. One case, which had 
been diagnosed as primary lymphosarcoma 
of the cervical lymph nodes, while under 
radiation treatment was observed to be 
deaf in one ear and an examination of the 
nasopharynx revealed the primary lesion. 
Since it was so commonly associated with 
rhinitis and pharyngitis, little attention 
was paid to its presence except for repeated 
attempts to relieve it by insufflation of the 
tube or paracentesis. Early involvement of 
the tube may not occur if the primary lesion 
is located elsewhere than the peritubal re- 
gion, but this was the earliest and most 
common symptom in this series. It usually 
preceded by many months the onset of 
cranial nerve involvement. 

Cendcal adenopathy was the next most 
common finding. In many instances, it 
was the first sign of disease. Various writers 
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Fig. 7. Mentovertex view before irradiation, 

have found adenopathy present in as high 
as 80 per cent of their cases. The nodes may 
vary considerably in size and are often 
painful. It is difficult to decide whether 
the pain arises in the nodes themselves or is 
due to involvement of the upper cervical 
nerves and branches of the fifth cranial 
nerve. Involvement is usually bilateral and 
since the nodes are usually smooth, firm, 
discrete and not fixed to the skin, the diag- 
nosis of Hodgkin’s disease or primary 
lymphosarcoma is often made. Metastatic 
cervical nodes were the second most fre- 
quent finding in our cases, being present in 


October, tij ^ 

9 cases. This was unassociated with anv 
other signs or symptoms (except those ref- 
erable to the euastachian tube) in only 4 
cases. It IS interesting to note that these I 
were patients of a neurosurgeon, who 
suspected the presence of a nasopharyngeal 
lesion from tlie pattern of cranial nerve 
pathology. Roentgenography of the skull 
demonstrated invasion of the middle fossa 
before the primary lesion was discovered, 
11 4 cases had had previous nasopharyn- 
geal examinations and 2 extensive mastoid 
and sinus surgery. 

The sixth nerve is the one reported most 
often involved by New, Woltmann, and 
Martin and Blady,i^ C. L. Martin, i"- and 
others, but only 5 of our cases exhibited 
lateral rectus paralysis. The presence of in- 
transigent pain over the distribution of the 
second and third divisions of the fifth in 8 
cases and of the first division in j of the S 
made this nerve the most commonly af- 
fected in this series, 

Epistaxis occurred in 4 cases and in 2 
was the only symptom. One of these ex- 



9 on admission and eventually in ii pa- 
tients. The earliest to appear was the lat- 
eral retropharyngeal node on the affected 
side. This could be palpated just behind 
the angle of the jaw, and displaced the lobe 
of the ear outward and backward. Later, 
the deep cervical chain, lying along the 
anterior border of the sternocleidomastoid 
muscle became involved. Eventually nodes 
appeared in the posterior triangle and 
supraclavicular space. 

There was cranial nerve inv'olvement in 



Fig, 8. Same patient ns in bignre 7, 
fourteen days later. 
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hibited a lesion of the faucial tonsil which 
was easily found. The other a small flat 
nodule in the fossa of Rosenmuller. Both 
were early lesions with no invasion or me- 
tastasis and are the only 2 in the series 
living and free of all evidence of active dis- 
ease. 

Nasal obstruction was present in 4 cases. 
In I case a poh-poid growth had extended 


over twenty. Of these, 7 were fifty or over. 
The youngest case was aged ten and the 
oldest fifty-seven. Two patients were 
brothers, ten and fifteen years old respec- 
tively. When receiving the report of the 
death of the eldest we also heard that a 
small child in the family was dying of en- 
larged glands in the neck. 

Tlie distribution between the sexes was 


Table I 


Case 

No. 

Sex 

Age 

Duration of 
Symptoms 
before 
Diagnosis 

Location of 
Metastases 

Roentgen 

Dose to 

Primary 

Lesion 

Survival 

Period 

I 

M 

54 

16 mo. 

Cervical; cranial 

2100 r 

Died in 15 mo. 

0 

M 

10 

6 mo. 

Cervical 

2100 r 

Died in 6 mo. 

3 

M 

18 

4 mo. 

Cervical 

2350 r 

Died in 6 mo. 

4 

M 

19 

2 mo. 

Cranial 

2700 r 

Died in 6 mo. 

«: 

F 

55 

I mo. 

None 

3500 r 

Free of disease 

6 

M 

18 

4 mo. 

None 

2390 r 

Free of disease 

7 

F 

5 ^ 

16 mo. 

Cervical 

2600 r 

Died in 24 mo. 

8 

F 

48 

3 mo- 

Cervical 

2650 r 

Died in 7 mo. 

9 

F 

15 

4 mo. 

Cranial; cervical 

3200 r 

Died in 12 mo. 

10 

F 

17 

6 mo. 

Cranial 

1350 rincomplete 

Died in 7 mo. 

11 

M 

20 

2 mo. 

Cervical; cranial; 
spine 

Palliation 

Died in 5 mo. 

12 

F 

34 

I4 mo. 

Cervical 

3200 r 

Free of disease 

13 

M 

42 

24 mo. 

Cervical 

1800 r 

Died in 7 mo. 

14 

jSI 

55 

22 mo. 

Cervical 

2000 r 

Living with disease 

15 

F 

50 

6 mo. 

Cranial 

Treatment finished else- 
where 

Living with disease 

16 

M 

58 

10 mo. 

Cervical; cranial 

2100 r 

Living with disease 


forward from the epipharynx into the 11 ares 
and was easily visualized through a nasal 
speculum. Only i case showed infiltration 
of the soft palate and paterygoid muscles. 

Six cases eventually suffered invasion of 
tlie orbit witli proptosis, which was always 
a late development. 

Distant metastases complicated 4 cases 
late in the course of the disease. Two were 
in the upper dorsal spine and the other in 
the long bones of the legs. Occurrence of 
mediastinal and pulmonary metastases, as 
described by C. L. Martin^^, was not ob- 
served. 

The age distribution was rather unusual, 
although it corresponds, in general, with 
that given by otlier authors. Seven patients 
were under twenty years of age and 9 were 


almost even, 9 male and 7 female. Most re- 
ports show a preponderance of males. Five 
of the 9 male patients were under twenty. 

The duration of symptoms, before diag- 
nosis, was quite variable, often surprisingly 
long. The shortest symptom period was one 
month (epistaxis); the longest was two 
years (tinnitus), with most cases from four 
months to two years in duration. 

The primary lesion was in or adjacent 
to the fossa of Rosenmuller in 10 instances, 
tlie palatine tonsil in 3, the pharyngeal 
tonsil in 2 and unknown in i case. The pri- 
mary location did not seem to influence the 
cell type, the degree of malignancy, the 
course of the disease or tlie radiosensitivity 
of the tumor. 

Roentgenographic studies have been 
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helpful in establishing the diagnosis and 
evaluating the extent of the process. Lat- 
eral and mentovertex views of the naso- 
pharynx and oropharynx often showed lu- 
minal defects on the posterior and lateral 
walls. Even when the lesion, as observed 
on direct examination, was small, it was 
surprising how thick the posterior retro- 
pharyngeal wall was. Since this usually re- 


the amount of cartilage is variable. It has 
been found necessary to make several 
views at slightly different angles to visual- 
ize all the foramina to best advantage. Ero- 
sion was found most frequently around the 
foramen ovale, foramen lacerum, the body 
of the lesser wing of the sphenoid, and the 
petrous apex. One case showed definite ero- 
sion of the jugular foramen. Roentgeno- 

-E II 


Case No. 

I 

a 

i ^ 

4 

5 

6 

7 

8 

9 

lo 

II 

12 


14 

15 

16 

Total 

Primary Location* 

T 

P.T. 


F.R. 

T 

F.R. 

F.R. 

1 

1 

F.R. 

P.T. 

F.R.j ? 

1 

F.R. 

i“' 

F.R. 

F.R. 

F.R. 

2 T 

2 P.T. 
11 F.R. 

Eustachian Tube 
Involvement 

Yes 

No 

No 

Yes 

No 

No 

{ 

j Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

1 

1 es j 11 yes 

Nerves Involved 

11 

III 

1 

i 

No 

1 

1 

No 

in 

1 V 

VI j 

No 

No 

1 

V 

t 

1 

1 

V 

1 

V 

VI 

JV 

V 

IT 

vn 

IX 

V 

VI 

No 

No 

in 

V 

VI 

IX 

Symp. 

V 

C-i 

c-i 

1 

No 

9 

Adenopathy j Yes 

Yes 1 

1 Yes ! No 

No j 

1 iVo j Yes 

Yes j 

Yes 1 

1 No Yes 1 

Yes 

Yes 

Yes 

i No j 

No 

10 yes 

Angina 

I No 

Yes 

Yes 

No 

Yes j 

1 Yes 

No Yes J Yes 

No j No j 

Yes 1 

No 

Yes 

No 1 No 

1 8 Yes 

Nasal Obstruction 

No 

No 

No j 

No 

No j 

Yes 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

4 yes 

Invasion of Orbit 

Yes 

No 

No 

Yes 

No 

No 

Yes 

No 

Yes 

No 

Yes 

No 

No 

No 

No 

Yes ! 6 yes 

Epistaxis 

No 

Yes j 

Yes j No 

No . 

No 

No 

No 

No 

No 

Yes 

No 

No j No j No j No 

3 yes 

Distant Metastases 

Yes 

Yes 

Yes } No j No 

No 

No 

No 

No 

No 

Yes 

No 

No 1 No ’ 

No 

No 

4 yes 

Previous Operation 

No 

I 

No 

n 

No 

No 

I 

I 1 No 



I 

No 

No 

, 

rt 

2 

9 


* T=FauciaJ tonsil P.T. ^Palatine tonsil F.R. =Fossa of RosenmuUer 


grossed under treatment it is assumed that 
it is a measure of the amount of malignant 
infiltration. In several, in which such thick- 
ening was present, there was but a small 
break in the mucosa and the first several 
biopsies were negative. This emphasizes 
Martin and Blady’s statement that the 
biopsies must be taken deeply, and prob- 
abl}^ explains why surface biopsies were 
often negative. It also probably explains 
the apparent discrepancy between the size 
of the visible primary lesions and the re- 
markable extent of the disease process. 

Views of the base of the skull were not 
routinely taken on the first few cases, but 
were on the later ones. Mentovertex or 
base views are difficult to interpret as the 
foramina are not always symmetrical and 


grams should always be made before start- 
ing treatment as the size and position of 
fields may be determined by the findings. 
They also provide an excellent record of the 
effect of treatment. 

THERA py 

Although Regaud in his original descrip- 
tion of lymphoepithelioma emphasized its 
sensitivity to irradiation, total reliance on 
this method of therapy was slowly accepted 
by the medical profession in general. As 
late as 1929 Gardham* described a surgical 
exposure to permit direct attack on the 
lesion; he along with earlier writers has 
expressed disappointment in the results 
and prognosis. However, Quick and Cutler, 
C. L. Martin, H. E. Martin and Blady and 
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otliers have emphasized the extreme radio- 
sensitivity of the malignant process and 
have shown some encouraging results. The 
use of high voltage roentgen radiation 
alone or combined with radium or radon 
has become the accepted method of treat- 
ment. 

The high degree of malignancy and in- 
filtrative character of the disease plus the 
location of the primary lesion make ade- 
quate surgery an impossibility. It is quite 
true that results are still not wholly satis- 
factory, but if the disease is diagnosed 
earlv enough so that irradiation can be 
given before invasion or metastases have 
taken place, the possibility of eradication 
of the disease is anything but hopeless. 

It is probably superfluous to state that 
each patient presents a specific problem 
and that no routine method of treatment 
can apply to all. It is our general procedure 
to examine each patient with the otorhino- 
laryngologist in order to observe the pri- 
mary lesion and the extent of infiltration in 
the nasopharynx. Frozen and permanent 
paraffin sections are studied with the 



Fig. 9. Destruction of left petrous apex and both 
greater sphenoid wings. 



Fig. 10. Abducens paralysis (base view Fig. 9). 

pathologist to determine cell morphology. 
The extent and location of neurological in- 
volvement, if present, is charted by the 
neurosurgeon. The size and location of 
other metastatic lesions must also be taken 
into consideration. If cervical nodes are so 
located as to be included in the beam di- 
rected at the nasopharynx, this field may 
be larger than normally used. If the en- 
larged nodes are in the lower cervical region 
cr supraclavicular space, separate fields are 
required. On some occasions it will be neces- 
sary to direct treatment first to some lesion 
other than the nasopharynx, if it is pro- 
ducing very distressing symptoms. After 
a sufficient dose is administered to this area 
the primary focus can then be attacked. 

It has been possible to treat the primary 
lesion first in most of these cases. We have 
usually adhered to the principle of using 
moderately small portals accuratel)'" di- 
rected. It is believed that the use of a field 
approximately 7 cm. in diameter will cover 
the primary lesion in the nasopharynx in- 
cluding the usual area of extension in the 
base of the middle fossa. The smaller fields 
permit a slightly greater dosage with less 
skin damage and pharyngeal discomfort. 
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Fig. II. Bilateral invasion of lesser sphenoid wings. 


The depth dose is slightly less than with 
larger fields but the increased dosage per- 
mitted will make up this deficiency. It is 
also possible to add several more fields 
without danger of substantial overlapping. 

Occasionally when the preauncular or 
upper deep cervical nodes are large, a cir- 
cX field JO cm. diameter is used 
directed in the coronal plane through each 
temporal area. When the total dose to eacH 
M approaches 1,500 to 2,0^ roentgens 
(in air) (2,000 to 2,600 with backscatte ) 
L field is narrowed to 7 cm. 
increased to 3,000 to 3,500 r ( j 

to A coo with backscatter) to each heia. 

On tome occasions when 

was of Se"tasophar,mgeal wall 

fuse infiltration or u y diameter was 

“d°“"our 'eSerie'nce with the disease 
“creased two additional field^were added, 

a circular ? J^^ieek on either side of 

rectcd t j a5 to cross-fire on the 

i:« trprotect the cornea with a lead 


shield. A sheet of soft lead was inserted in 
the mouth and molded around the teeth, 
similar to a dental mold, to protect the 
tongue and lower teeth. The patients soon 
learned to fit it in place before each treat- 
ment. The paranasal field also gave an 
additional amount of irradiation to the in- 
vaded area in the base of the skull. In 5 
instances in which there was exophthalmos 
and unquestionable invasion of the superior 
orbital fissure, additional fields were located 
both above and lateral to the orbit in order 
to include the floor of the anterior fossa. 

A potential of 220 kv. (peak) at 20 ma. 
and 60 cm. target-skin distance has been 
used on all patients. The filtration has been 
varied from 0.5 mm. Cu and i mm.Al 
added to 2 mm. Cu or a No. 2 Thoraeus 
filter added. The majority, however, have 
been treated with 0.5 mm- Cu and i mm. 
A 1 which gives a half-value layer of 0-9 
mm. Cu. We have been unable to observe 
any difference in results following the use 
of heavy filtration. It is probable that a 
slightly higher total dosage could have been 




Fig 12. Small nodular lesion 
Rosenmuller. Note amount o 
pharyngeal wall. 



of the left (os<in <>( 
f infiltration m retro- 
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administered with a little less skin reaction 
but the treatment of a large number of pa- 
tients daily has prevented the use of pro- 
longed treatment periods. The 20 kv. addi- 
tion and 60 cm. target-skin distance almost 
compensates for the slightly greater depth 
dose obtained with heavier filter. The daily 
dose has varied slightly, depending upon 
the size and number of fields used, the gen- 
eral condition of the patient and his reac- 
tion to the treatment. It was not always 
possible to treat each patient as we might 
have desired or as our experience indicated. 

It was believed tliat due to the anaplas- 
tic nature of the tumor cells a high total 
dose should be attained quickly and the 
majority of patients were treated with a 
daily increment of 300 r (in air) (390 r with 
backscatter). Yet it was observed that our 
best results were obtained in 2 cases with a 
dose of 200 r (in air) (260 r with backscat- 
ter) to one area daily. This prolonged the 
treatment period to the primary lesion to 
thirty or forty days and in neither case was 
there any evidence of extension or metas- 
tasis. 

Cervical metastases were usually treated 
through a separate field, with a daily dos- 
age of 300 r (in air) and a total dosage of 
from 2,000 to 3,000 r. The nodes ordinarily 
began to shrink and pain began to subside 
after the first several days of treatment. In 
most cases the dosage was sufficient to re- 
duce the node considerably or accomplish a 
complete regression. Several of the patients 
experienced a recurrence of nodes which 
might have been prevented with a larger 
dose. Recurrent nodes failed to respond as 
satisfactorily as on the first series of treat- 
ments. When involvement of the cranial 
nerves had occurred it was possible to pro- 
duce a temporary palliation of pain but no 
case in which a complete paralysis had been 
initially observed ever obtained a return 
of function. Several times paralyses oc- 
curred some time after the series of treat- 
ments, even though the probable areas of 
intracranial extension had been irradiated. 

An estimate of tumor dosage has been 
given for each case. However, frequent ob- 



Fig. 13. Distribution of radon seeds around right 
palatine tonsil. 


servations of the effects of irradiation and 
the experience of the radiation therapist in 
treating these lesions is probably more im- 
portant. Mathematical estimates of tumor 
dosage are apt to be erroneous since they 
are estimated at one or two levels and so 
infiltrative a tumor may lie at various 
depths. It was also observed that the 
tumor varies considerably as some react 
well to small doses while others will recur 
after large doses. 

In some of the cases, external irradiation 
was not carried to as high a dosage as was 
considered possible because intracavitary 
treatment supplemented the external treat- 
ment. When the primary site was accessi- 
ble, radon seeds were implanted by the 
otolaryngologist. Usually ten to fifteen i 
millicurie seeds gave a sufficiently even 
dosage to the focus. When the lesion was 
located in a less accessible area of the naso- 
pharynx, a radium capsule was held against 
it by a Martin-Blady applicator or similar 
apparatus. With this the filtration was 1.3 
mm. platinum plus variable amounts of 
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OcTORet,, 1>),; 

T • • unit area. It has not been possible to effect more th-m 

I tracanmrr .rradmt.on was not given a ten.porary palliation bv irradialioTv 
to those cases in which considerable infil- ' ' • * t 



SeinnieSj J. h. Alurpliey and Antonio 
Grino have used the procedure of tractot- 
omy as introduced by Sjoqvist-^ and modi- 
fied by Olit^ecrona^® and Weinberger anti 
Grant . -3 This operation consists of surgical 
transection of the descending tract of the 
trigeminal nerve in the medulla. It is also 


Sion IS unquestionably limited in area 

Cervical adenopathy was treated with 
external irradiation only. It was not be- 
lieved that cervical resection was advisable 
even though there was no tendency on the 
part of the metastases to rupture the nodal 
capsule. 

One patient had had a block resection of possible to section the ninth nerve and the 
the ant^ior deep cervical chain before the first and second cervical roots at the same 
diagnosis was established. When first seen operation. The procedure is carried out 
there was adenopathy on the opposite side under local anesthesia. A straight incision 
of the neck. Both sides were irradiated and is made in the low occipital region, 'flic 
the only recurrence noted was in an area 
other than the resected region. 

The question of giving so-called pro- 
phylactic irradiation when no cervical 
adenopathy is present is a difficult decision side. The operation invoh^es little risk in 
to make. Since cervical metastases develop the hands of an expert neurosurgeon and 
so frequently it would seem wise to irradi- has been successfully carried out on 3 pn- 
ate the neck routinely, particularly since tients with excellent results. It is much 


fourtli ventricle is exposed by lieniiiam- 
inectomy of the first cervical vertebrae and 
removal of a part of the posterior margin 
of the foramen magnum on the affected 


the tumor is composed of cells so radiosen- 
sitive that the objection to such prophylac- 
tic irradiation in the more differentiated 
tumor processes may not hold. Tlie possi- 
bility of administering a cancericidal dose 
is better than in the less sensitive tumors. 


preferable to division of the sensory root of 
the gasserian ganglion and it avoids an 
operative approach through a field infil- 
trated with malignant tissue and vhich 
has been impaired by irradiation. In addi- 
tion, there remains a moderate degree ot 
tactile sensation in the areas enervated l)y 


However, it was believed that tlie pa- 
tients who showed no evidence of metas- the fifth, which is not true of the gangii- 
tases should not be subjected to heavy ir- onectomv. 


radiation and it was not believed worth 
while to administer less than a cancericidal 
dose. The 3 patients wlio are living and 
free from disease did not receive treatment 
to the neck. The other 6 cases which did 
not present cervical adenopathy on admis- 


Ri-.sui.'r.s 

No attempt has been ma ’e to talnilatc 
percentages as the scries is too small to 
make such estimates accurate. One ca^e 
would change the percentage figures i>y to<; 
ercat an amount. None of the 3 patient' 


received treatment to these nodes only who are living and free of evidence ot the 
1 thev appeared. If enlarged nodes ap- disease has survived more than tao anu 


Sion 

when they appeared. , - 

pear after a considerable period following onc-liait years. I hree others are ahvt ot. 
irradiation of the primary focus it indicates 
that the primary focus is still active and 


should hat'cbcen treated more aggressively. 

One of the most distressing symptoms is 
the severe nnuinal pain cxpcneuccd over 
the distribution of the branches ot the 


witii acth'c disease. Tliese 3 were prac- 
tically hopeless when first seen, f he rc-uh- 
are modified iiy tlie fact ilia? all paticui- 
are given treatment, no matter ho'.v tar 
advanced tfic tfi'^ease is ivhen first sepi- 1 
is observed in the tabulation vdiK!; 
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that 7 patients survived only six months 
or less. Five of those had far advanced 
intracranial extension before treatment. 

The degree of malignancy is much higher 
in those under twenty. Metastases occur 
earlier^ intracranial extension is more rapid 
and severe and distant metastases more fre- 
quent. The process is more apt to be pro- 
longed and amenable to treatment in the 
age group above fifty unless the general 
physical condition is poor. 

SUMMARY 

Transitional ephthelial cell carcinoma of 
the nasopharynx is not a rare disease. The 
diagnosis is often made too late for suc- 
cessful treatment. It affects all ages and 
sexes and is exceedingly malignant in chil- 
dren and young adults. 

The most common site of the priman,’' le- 
sion is in or near the fossa of Rosenmuller 
or the pharyngeal tonsils. One of the ear- 
liest symptoms is referable to obstruction 
of the eustachian tube. Later symptoms 
are referable to a poh^Doid obstruction of 
the nasopharynx, invasion of the cranial 
cavity and metastases to tlie lymph nodes 
of the neck. Distant metastases are com- 
mon. 

Radiation therapy is the accepted meth- 
od of treatment and offers the most hope 
at this time, whether it be complete arrest 
or palliation. Those cases treated before 
metastases or intracranial extension has oc- 
curred can expect the best results. 

I am greatly indebted to Drs. R. E. Semmes, 
Wm. D. Stinson and John J. Shea for their permis- 
sion to use these cases and their aid in assembling the 
necessary clinical information. 
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CALCIFICATION IN THE DUCTUS ARTERIOSUS^ 
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'^T ^HE roentgenographic demonstration 
of calcification in the mitraJ and aortic 
valves, annulus fibrosus and coronarv ar- 
teries has been described by various au- 
thors and is now commonplace. Calcifica- 
tion in the arch of the aorta, pericardium, 
myocardium and endocardium is also well 
known.'-2.3.4,s attempt has been made 
to search the literature completely, but to 
the best of our knowledge calcification in 
the ductus arteriosus has not been recog- 
nized during life, altliough various authors 
examining autopsy material ha\'e described 
microscopic areas of calcification in this 
structure. Jager and Wollenman,''' in a care- 
ful study of the ductus arteriosus in 7 1 cases, 
representing a range from 28 mm. fetuse . to 
adults eighty years of age, state that hy- 
alinization, calcification and even cartilage 
formation occur in the older age groups. 
They note that the intima of the pulmonary 
artery and aorta becomes thickened over 
the obliterated ends of the ductus arteriosus 
and that atheromatous plaques in this re- 
gion are a common occurrence in the aortas 
of adults, even in the absence of atheroma- 
tous lesions elsewhere in the aorta. 


genoscopy. ] his is not surprisinit as .'^uch 
calcified areas are very small, bur as the 
body thickness at these ages is slight, 
roentgenograms show very fiA- detail pn)’ 
vided that ntovemeni is prevented i)y short 
exposure time. Slightly overpenetrated 
chest roentgenograms are necc'ssary to show 
the shadows distinctly. 

CASE HEl'ORT.S 

Case i (Autopsy No, A-44-2.r}. Joan P. d'hts 
wJiitc female infant was admittcfl to another 
hospital at the age of three and a half rnontln 
where a diagnosis of a feeding disturhance was 
made. She remained in that institution for six- 
teen days and at that time the blood W.as^cr- 
rnann and tuberculin tests were found to be 
negative. Feeding difficulty persisted to 
extent following her discharge and three con- 
vulsions occurred when she was eight months 
of age. She did well for the next month but died 
rather suddenly at the age of nine month'- and 
fourteen days at the Protestant Ivotcr Home 
Centre following three more con'.'idsivn'.. 

Postmortem examinarion at rhe C hiitirrr!'"- 
.Memorial Hospital shov.xul fiiat there v.an a 
rounded perfi/ration in the j)ostetior vm!! oj the 
stomach rvirh generali/Ci! iveritomt:'-, H.ic- 
tcrioiocical examination ot the peritnnerd CiiU- 


MATERIAL 


Our interest in the occurrence of calci- 
fication in tbc ductus arteriosus has been 
stimulated i)y finding relatively marked 
calcification in this strticture in an inlant 
who came to autopsy at the age of nine 
months and fourteen days and also i?y the 
roentuenograms of 3 other patients, 2 in- 
fants and i child, wlijch seem to reveal cal- 
cification in the ductus. 

\Vhilc most types of calcification in and 
around the iicart arc best recognized by 


roeniijeno'copic examination, ■ 
areas in our 3 living ca-cs have 
first in rocnfuenograniS and m 
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several exceptions. The internal elastic lamina 
was much more prominent than normal, and 
the vessel was closed. The lumen was occluded 
throughout the length of the vessel by a rela- 
tively acellular hyaline connective tissue in 
which a few blood vessels were visible. In this 
hyaline connective tissue there were irregular 
plaques and granules of calcified material. Ad- 
jacent to some of the larger plaques of calcium 
there were cells which resembled osteoblasts, so 
that an impression of new bone formation was 
given (Fig. 2). 

The amount of calcium present in the ob- 
literated lumen varied considerably from one 
end of the vessel to the other and was more 
plentiful at the aortic end. No calcification was 
found in the media or adventitia. 



Fig. I. Case i. Roentgenogram of removed heart and 
great vessels showing extensive calcification in the 
ductus arteriosus. One pin has been placed in the 
aorta and the other in the pulmonary artery so 
that the ductus lies between them with the calci- 
fication opposite the point of the arrow. 

Case u (Hosp. No. 24,239). G. L., a white 
male infant who was admitted to the Children’s 
Memorial Hospital at the age of eight months. 
Except for a period of five months he was ob- 
served in hospital until he was twenty-six 
months of age. The entrance complaint was 
failure to gain weight and when he first came 
under observation he weighed only 1 1 pounds. 
In spite of adequately supplemented diet his 
weight had increased to only 13 pounds when 
he was finally discharged. No satisfactory ex- 
planation for his failure to gain was found in 
spite of the most exhaustive investigations all 



Fig. 2. Case i. Photomicrograph of the ductus 
arteriosus showing islands of calcium in the fibrous 
tissue obliterating the lumen. Hematoxylin and 
eosin stain, 30 X. 

of which were either inconclusive or non-con- 
tributory. The tuberculin and Wassermann 
tests were negative and at no time were any 
adventitious heart sounds noted. No abnor- 
malities of the blood calcium, phosphorus or 
phosphatase were present. 

Roentgenographic examination of the chest 



Fig. 3. Case ii. Posteroanterior roentgenogram of 
chest made at eight months of age. The calcified 
shadow is crescentic in outline and lies just to the 
left of the vertebral column opposite the fourth 
interspace posteriorly. 
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Fig. 4. Case n. Right lateral view of chest at age of 
two years. Calcification is visible opposite the 
point of the black arrow. 


was carried out on nine separate occasions dur- 
ing his stay in hospital, 7 ‘he heart was not en- 
larged. Rather linear increased density per- 
sisted at the right base, and this neitlier in- 
creased nor diminished appreciably, 'I'he only 
other positive finding was a crescentic area of 
calcification 5 nim. in diameter situated just to 
the left of the vertebral column on a plane op- 
posite the second rib anteriorly and fourth in- 
terspace or fifth rib posteriorly (Fig. 3). 'flie 
exact relationship to the ribs varied slightly in 
different roentgenograms suggesting that it was 
situated neither directly anteriorly nor poste- 
riori v in the chest. As time went by, the 


shadow gradually became slightly denser and 
formed a slightly more complete circle but 
there was very little if any increase in diameter. 
Just before he was discharged it was visuahxed 
in rigiit and left anterior oblique and direct 
lateral views (Fig. 4 and 5). The length was ap- 
proximately 1 cm, and its pu^tcrior limit was 
about the same tlisT.ince in front 'if the verte- 
bral cnujjnn. 1* lay just to the left of tlie bifur- 
cation of tfic traci'.ea and roentgenosc'-.pic ex- 


atnitrafion indicated that if moved with the 


insbritissn.'' of the a'dja.cctif v.'OCidrir ‘iKu’tjw'-. 
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months he was re-admitted for fiftec.a days. 
On this occasion the diagnoses were infectcil 
eczema, right-sided lobular pneumonia .and 
phimo.sis. Genera! investig.ation at this time re- 
vcaled a negative Wassermann test, nciratlvc 
urinaiy.sis, serum calcium 9.8 mg. per ico cc., 
plasma phosphonis 5.46 ing. jier too cc., :uui 
serum phosphatase 13.9 Rodansky units, 'fhe 
Patch test had been negative at the timeof}ii>; 
first admission and a tuberculin test w.as not 
performed. Examination of the heart revealed 
no enlargement nor murmurs. 

Roentgenographic examination of the chest 
on the day of his second admission reve.alcd a 
linear type of infiltration extending throughotit 
a good deal of the right lung. There was a con- 
genital anomaly in%'olving the second rihon the 
right, a bony projection extending upw.nrd to- 
ward the first rib in the anterior axillary line. 
In addition, there was a tiny calcified area about 
2 mm. in diameter lying 5 mm. to tlie left of the 
vertebral column opposite the second rib an- 
teriorly and tlie fourth inter-space posteriorly. 
The presence of an artifact w.as excluded by a 
second roentgenogram made the .‘■nmc <iay, 
which showed exactly the same .shaclow. 

The parents were persuaded to bring the in- 
fant back for rc-examinaiion on July 7, 1944, at 
whicli time he was exactly a year old, P<;^fero- 
anterior, right and left anterior oblique and hat- 
era 1 roentgenograms of the die.st were then 
made. The size of the calcified shadow had not 
changed ajiprcciably and it was opposite the 
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second rib anteriorly and sixth rib posteriorly 
just to the left of the vertebral column. In the 
right anterior oblique view, it was farther from 
the vertebral column, just to the left of the 
bifurcation of the trachea and opposite the right 
side of the second segment of the sternum. It 
could not be recognized in the lateral or left 
anterior oblique \news. 

Case iv (Hosp. No. 24,872,). James P., a 
white male infant who was first seen in the Out- 
Patient Department at the age of twenty-one 
months at which time he was suffering from an 
upper respiratory infection with mild bronchi- 
tis. One year later when he was two years and 
nine months old he was admitted to the Chil- 
dren’s Memorial Hospital suffering from a 
right upper lobe pneumonia, phimosis and a dis- 
tended bladder. The blood Wassermann was 
negative and examination of the heart revealed 
no enlargement nor cardiac murmurs. He was 
discharged four days later. 

A posteroanterior roentgenogram of the chest 
made on the day of admission showed some- 
what faint consolidation in the right upper 
lobe. The only other finding of note was a ring- 
like shadow 3 mm. in diameter resembling cal- 
cification close to the left border of the verte- 
bral column opposite the sixth interspace pos- 
teriorly and the upper margin of the second rib 
anteriorly (Fig. 6). 

Re-examination of the chest six months later 
showed the lung fields to be clear. The calcified 
shadow was again visible and had not changed 
in the slightest degree in size, shape, density or 
position. It was faintly shown in a right ante- 
rior oblique view lying just to the left of the 
bifurcation of the trachea opposite the fifth in- 
terspace posteriorly. The tuberculin test was 
negative at this time. 

DISCUSSION 

Extensive calcification in the ductus ar- 
teriosus at the age of eight months and 
fourteen days is conclusively proved in 
Case I as shown by postmortem examina- 
tion. It would seem that this calcification 
was sufficiently dense so that it could have 
been readily shown in a roentgenogram had 
the chest been roentgenographed before 
death. No other abnormalities of the heart 
or great vessels were found and the ductus 
arteriosus was closed. 


A similar type of calcification has been 
repeatedly shown in Case ii from the age of 
eight months up to the age of twenty-six 
months. This occupies a position in the 
chest corresponding to the ductus arterio- 
sus, as shown by examination in four 
planes, and it pulsates with the adjacent 
vascular structures. During this eighteen 
months’ period it has become a little denser 
but not appreciably larger. Although this 
child is an example of extreme marasmus 
of unexplained origin it has never been pos- 
sible to demonstrate any abnormality of 
the heart or great vessels, and the findings 



Fig. 6. Case iv. Roentgenogram of chest made at age 
of twenty-one months. The calcified shadow lies 
opposite the point of the arrow and while difficult 
to see in this reproduction it is plainly visible in the 
original roentgenogram. Somewhat faint consoli- 
dation is present in the right upper lobe. 

and course have tended to exclude tuber- 
culosis. 

In Case iv the calcification is less evi- 
dent, but its position is practically identical 
to that in Case ii. There has been no change 
during the six months’ period that this 
child has been under observation. Except 
for one attack of pneumonia, an upper 
respiratory' infection and phimosis he has 
thrived in a normal manner. 

The calcification in Case iii occupies the 
same position as that in Cases ii and iv 
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but it is of more homogeneous density and 
not of a ring-like or crescentic shape. It 
has only been shown in posteroanterior and 
right anterior oblique roentgenograms, but 
there seems to be good evidence that it lies 
in the ductus. It was first noted at five and 
a half months, the youngest age of any of 
our patients. 

As a general rule, calcification in the 
chest in infants and children should be con- 
sidered tuberculous in nature until proved 
otherwise. However, tuberculous calcifica- 
tion before the age of six months is ex- 
tremely rare and it is uncommon under the 
age of one year. When present, it is usually 
accompanied by extensive pulmonary in- 
filtration and glandular enlargement and 
there is almost invariably clinical evidence 
to support a diagnosis of tuberculosis. A 
crescentic type of calcification such as that 
shown in Cases ii and iv must be very un- 
usual in tuberculosis, particularly when it is 
shown that no appreciable change occurs 
over a relatively long period of time. In 
the cases reported above no significant 
glandular enlargement has been demon- 
strated on any occasion either in the chest 
or elsewhere in the body. In Case ii there 
are chronic changes in the right lung, but 
these have not increased nor decreased, 
neither have they calcified and all the other 
evidence including the tuberculin test has 
been against a tuberculous etiology. In 
Cases III and iv there have been typical 
pneumonias which have resolved rapidly 
following sulfonamide therapy and subse- 
quent roentgenograms have shown com- 
plete clearing. 

There is nothing to suggest that the duc- 
tus arteriosus is patent in any of our pa- 
tients. Calcification has not been observed 
by us in any of the 1 8 cases of patent ductus 


arteriosus Avhich have been operated on b}^ 
Dr. Dudley Ross, at the Children’s Memo- 
rial Hospital. 

SUMMARY AND CONCLUSIONS 

A proved example of moderately marked 
localized calcification in the obliterated 
lumen of the ductus arteriosus of an infant 
nine and a half months of age is reported. 
No other congenital anomalies were pres- 
ent. Calcification presumably in the ductus 
arteriosus has been found in the roentgen- 
ograms of the chests of two other infants 
and also in one child two years and nine 
months of age. 

Although such macroscopic calcification 
does not seem to have been reported previ- 
ously, it is probable that other instances 
may be found now that the possibility is 
known to exist. It does not appear to be of 
any clinical importance, but it should be 
differentiated from other lesions such as 
tuberculosis with which it may be confused. 
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ALTHOUGH the use of artificial pneumo- 
peritoneum in the treatment of pul- 
monary tuberculosis has been accorded 
general acceptance during tlie last decade, 
the roentgenological literature contains 
very little information on this subject. This 
is the more surprising since artificial pneu- 
moperitoneum has been used extensively 
in roentgenological practice for diagnostic 
purposes and has also been recently recom- 
mended by Sante^” as an adjuvant in the 
roentgen therapy of pelvic organs. More- 
over, its application in intra-abdominal 
tuberculosis has been a standard procedure 
for ahnost half a century. 

The history and rationale of pneumo- 
peritoneum therapy in pulmonary tuber- 
culosis are very interesting. The observa- 
tions on which this form of treatment is 
based go back as far as Hippocrates and 
Sydenham (Fishberg^). They are founded 
on tlie experience that tuberculous women 
get along unusually well during the second 
and third trimesters of pregnancy, i.e. 
during that period of gestation when a 
marked physiological elevation of the dia- 
phragm exists. This experience is so striking 
that, in 1700 and 1800 Cullen and Warren, 
respectively, recommended pregnancy in 
the treatment of pulmonary tuberculosis. 
A phthisiologist of the immense experience 
of Fishberg states tliat he never saw a 
pregnant woman die of tuberculosis." On 
the other hand, we all are familiar with the 
frequent disastrous results which follow 
this temporary improvement after parturi- 
tion, i.e. after the physiological elevation of 
the diaphragm has ended and the diseased 
lung has expanded again. One of the 
original aims of pneumoperitoneum ap- 


plication, therefore, was to continue this 
diaphragmatic elevation post partum by 
substituting air for the enlarged uterus. 

The technique of therapeutic pneumo- 
peritoneum is not dijfferent from that em- 
ployed in diagnostic pneumoperitoneum. 
A detailed description may therefore be 
dispensed with. There is still no agreement 
about the best location for the air injection : 
some prefer McBurney’s point; some, 
Rovsing’s point; some, the midline; some, 
other points near the umbilicus, while still 
others advocate the so-called “subphrenic 
route” (just below the site of the costo- 
phrenic angle). 

Some employ local anesthesia; others 
consider it unnecessary. 

Sterilized atmospheric air, oxygen or 
nitrogen is used. Dependent on the type 
of gas used, the terms of “pneumoperi- 
toneum,” “oxyperitoneum” or “nitroperi- 
toneum” have been employed by different 
authors. This differentiation is not without 
significance from a clinical viewpoint since, 
to a certain degree, the gases used deter- 
mine tlie time of absorption and, conse- 
quently, the necessity of refills. While re- 
fills witli oxygen are necessary about twice 
a week, tliey may, as a rule, be limited 
with air to once a week and witli nitrogen 
to about once ever}’" two weeks. In intra- 
abdominal lesions there is also supposed to 
exist a difference in curative effect, and for 
this purpose oxygen is generally preferred. 
In a purely roentgenological consideration, 
however, this difference may be neglected, 
and the term “pneumoperitoneum” is 
therefore used comprehensively in this 
paper to include all types of gases used. 

The amount of gas injected is increased, 


* From the Departments of Radiology of the Colorado General Hospital and the National Jewish Hospital, Denver, Colorado. 
Read at the Joint Meeting of the American Roentgen Ray Society and the Radiological Society of North America, Chicago, 111., 
Sept. 2 a- 29 , 1944. 
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as a rule, with each successive injection, 
starting with about 200 to 500 cc. until an 
optimum of about 1,500 cc. is reached. The 
injections should be done under both 
manometric and roentgenoscopic control. 
Extreme pressure is to be avoided since it 
may interfere with the patient’s intake of 
food and so may hasten the clinical down- 
ward course. 

The total duration of pneumoperitoneum 
treatment varies according to symptoms 
and results. Like pneumothorax, it should 
not be extended indefinitely. 

The indications for pneumoperitoneum 
treatment in pulmonary tuberculosis have 
been formulated by Banyai,^-^'^ Hobby,^® 
Stokes,^® and others. 

Pneumoperitoneum may be applied 
either (i) as an independent therapeutic 
agent or (2) preparatory or supplementary 
to other forms of collapse therapy. 

As an independent measure^ pneumo- 
peritoneum appears indicated in cases in 
which collapse therapy seems advisable 
but in which the other more orthodox 
forms of such therapy (like pneumothorax, 
phrenic block or thoracoplasty) are unsuit- 
able or too hazardous. This postulate ap- 
plies especially to cases with considerable 
bilateral involvement and extensive pleural 
adhesions; cases of severe pulmonary 
hemorrhage which cannot be controlled by 
any other means; then women following 
pregnancy (especially when pneumothorax 
cannot be induced); cases with reactivation 
after abandonment of pneumothorax; 
cases of advanced age and debility, and, 
finally, cases in which pulmonary tubercu- 
losis is complicated by intestinal or peri- 
toneal tuberculosis, by basal bronchiecta- 
sis, basal emphysema or allergic bronchial 
asthma. 

Burge'^ includes as indicated all cases in 
which no functioning lung tissue can be 
spared since, in his experience, pneumo- 
peritoneum does not tend to increase 
dyspnea. He further adds causes of unex- 
plained chronic abdominal pain, vomiting 
and repugnance to food. 

However, the chief field of pneumoperi- 


Schmidt r. 

uctoeer, 194 ^ 

toneum treatment lies in its combination 
preparatory or auxiliary to other forms of 
collapse therapy. 

Rudman^® recommends pneumoperi- 
toneum as a trial measure to determine dia- 
phragmatic mobility or freedom from inter- 
fering subdiaphragmatic adhesions prior .to 
phrenic interruption or preparatory for rad- 
ical surgery. Kaufman^ believes that, by 
pneumoperitoneum, thoracoplasties can oc- 
casionally be prevented and that, employed 
before pneumothorax is attempted or im- 
mediately following the discontinuance of 
an ineffective pneumothorax, many compli- 
cations of pneumothorax therapy may be 
avoided. 

As an addition to phrenic nerve blocks 
pneumoperitoneum is indicated if the ele- 
vation of the diaphragm is insufficient or 
when, despite an apparently satisfactory 
diaphragmatic rise, cavities persist and the 
sputum remains positive. 

According to Raine^'* the combination of 
pneumoperitoneum and phrenic block may 
double the effective (unilateral) collapse 
achieved by diaphragmatic paralysis alone, 
while Brian and Ricen'’ estimate that, used 
without preliminary nerve crush, pneumo- 
peritoneum is only 25 per cent effective. 

As an addition to artificial pneumothorax, 
therapeutic pneumoperitoneum is indicated 
when relaxation of the basal portions of the 
lung is desirable but cannot be achieved by 
pneumothorax alone on account of adhe- 
sions or other impediments. 

Similarly, thoracoplasty or the parafiin 
pack may be supplemented by pneumo- 
peritoneum when lesions in distant portions 
of the lung remain active. 

Undoubtedly the best results are ob- 
tained in cases where pneumoperitoneum 
can thus be combined with other forms of 
collapse therapy. In this way pneumoperi- 
toneum treatment may reach lesions which 
remain uninfluenced by other measures. 
Rilance and Warring,^" for instance, found 
that, by a combination of pneumoperi- 
toneum and phrenic crush, the best results 
were obtained in cavities of the general!) 
less accessible lower lung zone. A compan- 
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son of indications and results shows that 
pneumoperitoneum neither competes with, 
nor is intended to replace, the other forms 
of tuberculosis therapy. 

Needless to say, pneumoperitoneum 
should not be reserved as a desperate last 
resort for hopeless cases; such use Avould 
only serve to discredit the method. 

As contraindications to pneumoperitone- 
um Yajda,-^ Banyai and Stokes enumerate 
the following: (i) complete fixation and 
non-mobility of the diaphragm on the dis- 
eased side; (a) stiff-walled cavities or acute 
miliary disease; (3) reduction of the vital 
capacity of the lungs to less than one-third; 
(4) cardiac decompensation or diseases of 
the coronary artery, and (5) marked arteri- 
osclerosis, amyloidosis or renal disease. 

One definite advantage of tlie method is 
evident: its complete reversibility com- 
pared with phrenic block or thoracoplasty. 
From pneumothorax, which usually is only 
little less reversible, it distinguishes itself 
by the relative paucity of untoward se- 
quelae and complications. 

Among immediate sequelae are men- 
tioned shoulder pain (similar to that experi- 
enced in liver or gallbladder disease); a 
feeling of tightness across the upper ab- 
domen and the lower chest (most prominent 
after induction and the initial refills), and, 
occasionally, nausea and vomiting, es- 
pecially in toxic patients. 

The complications reported in the medi- 
cal literature comprise ascites, intestinal 
perforation (very rare), peritoneal inflam- 
mation, atrophy of the diaphragm, air 
embolism, massive atelectasis, accidental 
pneumothorax, mediastinal emphysema, 
cardiac decompensation, enlargement of 
inguinal and umbilical hernias, and scrotal 
pneumocele (Mon to and Bradford^^). 

It is obvious tliat in the determination 
and evaluation of both indications and con- 
traindications as well as in the technique of 
administration and die diagnosis of the com- 
plications, roentgenoscopic and roentgeno- 
graphic examinations are indispensable. In 
all these questions the roentgenologist may 
be of great help to tlie phthisiologist. 


In the application of pneumoperitoneum, 
manometric measurements should be sup- 
plemented, as mentioned above, by roent- 
genoscopic control. The demonstration and 
evaluation of the type and extent of the 
pulmonary lesions, of pleural adhesions, 
diaphragmatic excursion, bronchiectasis, 
cardiovascular and renal disease, gastro- 
intestinal complications, etc., belong to the 
realm of roentgenologic diagnosis. 

Of equally great importance are the 
roentgenologic determination and evalua- 
tion of the direct and remote effects of the 
pneumoperitoneum treatment. 

The roentgenologically directly observ- 
able effects of pneumoperitoneum are: (i) 
elevation of the diaphragm (which, as a 
rule, is bilateral though frequently unequal 
on both sides, and which may reach 10 
cm. or more) combined with a correspond- 
ing limitation of diaphragmatic move- 
ments; (2) diminution of lung volume 
(which may amount to 15 to 35 per cent 
reduction of chest capacity) combined with 
compression of cavities, “crowding" of the 
bronchovascular markings and correspond- 
ing changes in the appearance of tubercu- 
lous lesions as well as of the heart and 
mediastinum; (3) separation of the sub- 
phrenic viscera, especially the stomach, 
liver and spleen, from the diaphragm, and 
(4) disappearance of intra-abdominal adhe- 
sions. 

The effectiveness of the pneumoperi- 
toneum and the final results depend on 
these factors which must be ascertained by 
clinical and roentgen examination and 
which demand close medical supervision. 
Whether the healing process proper is more 
the result of pulmonary rest, of better 
drainage of the bronchial tree and the cavi- 
ties, of pulmonary congestion, lymph 
stasis or anoxemia lies beyond the scope of 
roentgenological observation. 

Of complications ascites is probably the 
most frequent finding in the roentgeno- 
gram. According to Fowler* it occurs in 
about 3.8 per cent of the cases but rises to 
45 per cent in terminal cases according to 
Trimble, Eaton and Moore.-® 
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However, in other instances fairly definite 
conclusions are permissible, and a few rep- 
resentative cases and significant roent- 
genograms will be briefly discussed. 

CASE REPORTS 

Case i. A. K., schoolboy, aged fourteen. A 
refugee from Germany, he was hospitalized for 
pulmonary tuberculosis two days after arrival 
in this country (July, 1941). Admitted to the 
National Jewish Hospital the following month 
he showed very extensive exudative cavernous 
involvement of the right lower and middle lobes 
as well as of the left upper lobe (Fig. i). Phrenic 
crush was done in September, 1941, followed by 
artificial pneumoperitoneum two days later. In 
spite of a relatively moderate elevation of the 
diaphragm (about 4 cm. on the right, 2 cm. on 
the left), the pulmonary lesions have prac- 
tically disappeared (Fig. 2). Sputum and tem- 
perature have been normal for over two years. 

An important factor deserves mention in 
this connection, i.e. the advantage of pneu- 
moperitoneum in children over a possibly 
complicated pneumothorax and over a mu- 
tilating thoracoplasty. We know tliat the 
latter two methods when applied during the 



Fig. 3. Case ii. Far-advanced tuberculosis of both 
upper lobes. 



Fig. 4. Case ii. Status about one year following 
pneumoperitoneum and phrenic crush. Marked 
improvement of all pulmonary lesions. 

years of development and physical growth 
may result in marked deformities of the 
chest and bony thorax. This danger is en- 
tirely absent in pneumoperitoneum treat- 
ment. 

Similarly good results were achieved by 
the combination of pneumoperitoneum and 
phrenic block in the following 2 cases. 

Case ii. E. K., aged twenty, office boy, was 
admitted to the National Jewish Hospital in 
February, 1943, with the diagnosis of far-ad- 
vanced tuberculosis of both upper lobes (Fig. 
3). Because of extensive bilateral involvement 
and pleural adhesions, neither pneumothorax 
nor thoracoplasty was feasible, and pneumo- 
peritoneum treatment was begun in May, 1943, 
supplemented three months later by right-sided 
phrenic crush. The result as seen in the roent- 
genogram taken on August 18, 1944, is highly 
satisfactory (Fig. 4). The right diaphragm has 
risen about 8 cm.; the left, about 5 cm. Of the 
previous extensive pulmonary involvement 
only some fibrosis in both upper lobes and some 
clouding of the right apex still remain. The pa- 
tient feels well. The sputum has been negative 
for almost half a year; the temperature is nor- 
mal. 

Case hi. F. W., aged thirty-two, book- 
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Eig. 5. Case ni. Extensive exudative involvement 
'and large cavity in left lower half. Numerous 
small type calcifications bilaterally. 


keeper, with a history of pulmonary tuberculo- 
sis since 1934. Sanatorium treatment in I 935 ) 
and from July, 1940 to February, 194a. In the 
intervals, patient worked or went to school. Ad- 
mitted to the National Jewish Hospital in De- 
cember, 1942. The left phrenic nerve had been 
crushed in July, 1937, and was re-crushed in 




6. Case III. Status after tHee years of pneumo- 
ritoneum treatment combined with left phrenic 
ish and re-crush. Practically no more evidence 
pulmonary lesions. 


October, 1945 


October, 1943. Pneumothorax was attempted 
but without success. On account of this failure 
and in view of the predominantly basal location 
of the lesions, artificial pneumoperitoneum was 
applied in November, 1940, and has been con- 
tinued ever since, i.e. for a period of almost four 
years. During all this time, weekly fillings of 
500 to 1,000 cc. of air have been administered, 
and a very marked bilateral elevation of the 
diaphragm has been maintained (about 8 cm. 
rise on the right and up to 14 cm. on the left). 
The intra-abdominal pressure after filling av- 
erages -fio to -f-i2. Temperature and pulse 
which were elevated on admission are now nor- 
mal; the sputum is' negative. 



■iG. 7. Case IV. Limitation of diaphragmatic rise by 
subphrenic adhesions. Fixation of hepatic flexure 
liver and diaphragm. 


le roentgenogram before application of 
imoperitoneum (November 29, 194°) shows 
great exudative changes and a large oval 
-y in the left lower half combined with nu- 
ms small type calcifications scattered 
.ghout both lung fields (Fig. S); 1 he second 
glogram three years after initiation of 
mLmoperitoneum treatment shov-s about 
. rise of the right diaphragm and about 3 
rise on the left, compared 
moperitoneum ro^^'^Senogi'*^ • P . 

T nrominent cavernous exudative lesio 
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changes, the patient is without symptoms or 
complaints. 

Case ix. This case, L. W., aged forty-nine, 
plasterer, demonstrates the limitation of pneu- 
moperitoneum treatment in the presence of 
\\idespread subphrenic and abdominal adhe- 
sions. In spite of a large amount of subphrenic 
air, the elevation of the diaphragm is insuffi- 
cient to produce any noticeable pulmonary 
changes (Fig. 7). 

I shall conclude ^^ith a case which is less 
remarkable with regard to the pulmonary 
or therapeutic aspects than it is represen ta- 



luG. 8 . Case v. Thoracoplasty, right, \\ith incom- 
plete collapse and pneumoperitoneum. hMidattve 
cavernous changes in left ape\. 

tive of the abdominal findings generally en- 
countered in pneumoperitoneum. 

Case v. I. T., aged thirty, school teacher, has 
been suffering from secondary pulmonary tu- 
berculosis since 1930. Even before that time, in 
19193 she spent some time in a sanatorium for 
childhood tuberculosis. In 1933, pneumothorax 
of the right side was applied but, due to pleural 
adhesions, the result was unsatisfactor\u The 
following year, an unsuccessful attempt at 
pneumonolysis was made, followed by a phrenic 
crush. Then, in 1935, a three-stage right-sided 
thoracoplasty was performed but an extension 



Fig. 9. Case v. Status immediately following barium 
meal. Normal position and outline of stomach. 
(Prone position.) 


of the tuberculous process to the left side with 
cavitation followed the operation. In January, 
1940, patient was admitted to the National 
Jewish Hospital, and pneumoperitoneum treat- 



Fig. 10. Case v. Status tventy-four hours following 
barium meal. Norma! position of colon. (Prone 
position.) 



I'lG. II. Case V. Intravenous pyelography. Normal 
filling of renal pelves and calices. Air accumulation 
in left abdominal region simulating large cyst. 
(Supine position.) 


i*iG. 12. Case VI. Postmortem c.vaminafion. .Appear- 
ance and position of chest and abdominal viscera 
practically identical with antemortem ajipearancc. 


ment was inaugurated in April, 1942. The effect 
of the diaphragmatic elevation has not been suf- 
ficient to enhance the incomplete collapse of the 
right lung materially nor have the exudative 
cavernous changes in the left apex been appre- 
ciably improved (Fig. 8), 

The abdominal roentgenograms present the 
typical appearance of diagnostic pneumoperi- 
toneum which needs no further explanation. 
The considerable difference in appearance and 
contrast between roentgenograms in the prone 
and erect positions and those taken in the su- 
pine position is primarily due to the difference 
in air distribution. In the prone views and in the 
erect views the air accumulation is most prom- 
inent under the domes of the diaphmgm; the 
liver, kidneys and spleen are “bunched to- 
gether” and very sharply contrasted and de- 
lineated. There is very little change in the 
roentgen appearance of the stomachand the in- 
testinal tract. Following barium filling, the 
stomach and colon almost seem to float in a 
void and show practically normal outlines and 
position (Fig. 9 ^^d 10). This fact explains the 
relative lack of untoward gastrointestinal symj%- 


toms evTn in extensive and protracted pneumo- 
peritoneum treatment. 

In the supine position, the typical appear- 
ance of pneumoperitoneum disapjiears, and the 
striking conglomeration and contrast of the 
viscera, especially the liver, kidneys and spleen, 
no longer exist. Instead of largely occupying the 
subdiaphragmatic spaces and upper abdominal 
areas, the air now occupies the hii'hcst level of 
the peritoneal cavity and may be difficult to 
trace. In our roentgenogram, the highest air 
bubble lies in the left abdominal region and ha*- 
the appearance of a large cyst extending from 
the calices of the left kidney (Mg. 1 1 ). 


In none of our cases of pneumoperiton- 
eum were wc able to diagnose ascites or 
other intra-abdominal complications fad- 
hesion.s excepted) roentgenologically. 

Postmortem roentgen examinatiorr. v-’crc 
obtained in the j patients who dieo’ during 
pneumojieritoneum therapy. A contparr^on 
with rite roentgenograms taken prcvjou-dy 
showed that the rise of the diaphraeui and 
the other changes {irodticoi b;-' pneuti.'O. 
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peritoneum persist essentially unchanged 
after death (Fig. 12, Case vi). 

SUMMARY 

(1) A brief review of the history, ra- 
tionale, technique, indications, contraindi- 
cations, sequelae and complications of 
pneumoperitoneum therapy in pulmonary 
tuberculosis is given. 

(2) The roentgenologic aspects of this 
form of collapse treatment are outlined 
with regard to pulmonary, diaphragmatic 
and abdominal findings. 

(3) Six representative cases from the 
pneumoperitoneum material of the Na- 
tional Jewish Hospital in Denver are dis- 
cussed. 

The author wishes to express his thanks to Dr. 
Charles J. Kaufman, Medical Director of the Na- 
tional Jewish Hospital in Denver, for the privilege of 
using the clinical material and for many helpful 
suggestions. 

4200 E. 9th .'Ive., 

Denver, Colorado. 
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Fig. II. Case v. Intravenous pyelography. Normal 
filling of renal pelves and calices. Air accumulation 
in left abdominal region simulating large cyst. 
(Supine position.) 


J'lG. 12. Case VI. Postmortem c,vamination. Appear* 
ance and position of chest and abdominal viscera 
practically identical with antemortem appearance, 


ment was inaugurated in April, 1942. The effect 
of the diaphragmatic elevation has not been suf- 
ficient to enhance the incomplete collapse of the 
right lung materially nor Lave the exudative 
cavernous changes in the left apex been appre- 
ciably improved (Fig. 8). 

The abdominal roentgenograms present the 
typical appearance of diagnostic pneumoperi- 
toneum which needs no further explanation. 
The considerable difference in appearance and 
contrast between roentgenograms in the prone 
and erect positions and those taken in the su- 
pine position is primarily due to the difference 
in air distribution. In the prone views and in the 
erect views the. air accumulation is most prom- 
inent under the domes of the diaphragm; the 
liver, kidneys and spleen are “bunched to- 
gether” and very sharply contrasted and de- 
lineated. 7 'herc is very little change in the 
roentgen appearance of the stomach and the in- 
testinal tract. Following barium filling, the 
stomach and colon almost seem to fioat in a 
void and show practically normal outlines and 
position (Fig. 9 and 10). This fact explains the 
relative lack of untoward gastrointestinal symp- 


toms even in extensive and protracted pneumo- 
peritoneum treatment. 

In the supine position, the typical appear- 
ance of pneumoperitoneum disappears, and the 
striking conglomeration and contrast of the 
viscera, especially the liver, kidneys and spleen, 
no longer exist. Instead of largely occupying the 
subdiaphragmatic spaces and upper abdominal 
areas, the air now occupies the highest level of 
the peritoneal cavity and may be difficult to 
trace. In our roentgenogram, the highest air 
bubble lies in the left abdominal region and has 
the appearance of a large cyst extending from 
the calices of the left kidney (fig. 1 1). 


In none of our cases of pneumoperiton- 
eum were we able to diagnose ascites or 
other intra-abdominal complications (ad- 
licsions excepted) roentgenologically. 

Postmortem roentgen examinations were 
obtained in the 3 patients who died during 
pncumojicritoneum thcraj>y. A comparison 
with the roentgenograms taken prei'iously 
showed that the rise of the diaphravni and 
the other changes jiroduccd by pneitmo- 


Vot. 54, No. 4 Roentgenological inspects of Therapeutic Pneumoperitoneum 


peritoneum persist essentially unchanged 
after death (Fig. la. Case vi). 

SUMMARY 

(1) A brief review of the history, ra- 
tionale, technique, indications, contraindi- 
cations, sequelae and complications of 
pneumoperitoneum therapy in pulmonary 
tuberculosis is given. 

(2) The roentgenologic aspects of this 
form of collapse treatment are outlined 
with regard to pulmonary, diaphragmatic 
and abdominal findings. 

(3) Six representative cases from the 
pneumoperitoneum material of the Na- 
tional Jewish Hospital in Denver are dis- 
cussed. 

The author wishes to express his thanks to Dr. 
Charles J. Kaufman, Medical Director of the Na- 
tional Jewish Hospital in Denver, for the privilege of 
using the clinical material and for many helpful 
suggestions. 

4200 E. 9th Ave., 

Denver, Colorado. 
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^n^HEN an otologist prepares to operate 
on a case of mastoid disease, three 
questions on anatomy come up for consid- 
eration. First, is the mastoid cellular or 
solid? second, if cellular, how deeply and 
widely do the cells extend? and third, are 
the cells pneumatic or only spaces in can- 
cellous bone? 

The answers to these questions cannot be 
found by external inspection and palpation 
by the otologist. Even after the mastoid is 
opened and the cells exposed to the eye, it is 
difficult to answer the third question. It is 
not unusual for a surgeon, after exposing 
cell after cell, to remark “There is no use 
going farther, this is cancellous bone” and 
to stop further exploration. 

Since the deep structures are hidden from 
sight and touch, the otologist must turn to 
the roentgenologist for the answers to these 
questions. The roentgenologist, however, 
using the conventional methods in vogue 
up to now, can give only partial help. He 
can answer the first two questions with ex- 
cellent roentgenograms showing the most 
delicate tracery of bone formation. He can 
answer the third question, however, only 
inferen daily. Given a roentgenogram that 
shows a number of cells grouped around the 
auditory canal in the mastoid region, it is 
reasonable to infer that the cells are mas- 
toid cells. Operation will usually confirm 
the correctness of this inference. Such in- 
ferences, however, are not so easy when one 
deals with small cells around the periphery 
or in the petrous pyramid. Such cells, in 
fact, by reason of their small size and the 
amount and density of the surrounding 
bone, may not even appear in a conven- 
tional roentgenogram. 

In order to differentiate between pneu- 
matic and cancellous cells, I have devised 


the technique for contrast roentgenography 
of the temporal bone that I am about to de- 
scribe. It can be used only where there is a 
perforated tympanic membrane, a mastoid 
fistula or both. 

The procedure followed is, briefly, as fol- 
lows. First, roentgenograms are taken in 
the conventional manner, including a view 
showing both mastoids and petrous bones 
from one exposure. Then an aqueous solu- 
tion of a radiopaque salt is instilled into the 
middle ear and communicating cells. After 
this another series of roentgenograms is 
taken in the same positions as the first se- 
ries. Comparison of the two series will show 
the cells that contain the opaque solution. 

The technique of instilling an opaque 
solution into the tympanum and paratym- 
panic cells is a new procedure and requires 
a more detailed description. It needs the 
closest cooperation between the otologist 
and the roentgenologist. Since the per- 
forated drum membrane is usually accom- 
panied by pus, swollen mucous membrane, 
and often polyps, it is necessarj' first to re- 
move the pus from both tympanum and 
paratympanic cells and to shrink the soft 
tissues. The external auditory canal is 
cleaned by syringing or swabbing. Then the 
patient lies on his side on a table, with the 
diseased ear uppermost. A drop of a vaso- 
constrictor is instilled into the canal and al- 
lowed to act for about ten minutes. Then 
the external canal is filled with warm 2 per 
cent boric acid or sodium bicarbonate solu- 
tion. 'I'his is allowed to seep in. 1 he tip of a 
Siegle pneumatic otoscope is fitted tightly 
into the canal and the bulb is worked for 
about one minute. This causes alternate- 
suction and pressure and creates a to and 
fro swishincT of rJie fluid in the ear, helping 
to dislodge the pus and bring it to the sur- 
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face. J\fter this the patient lies on his other 
side and the suction and pressure is applied 
while the ear is down. This draws the fluid 
out and allows air to replace it. This also is 
done for one minute. The patient turns the 
diseased ear up again and the same pro- 
cedures are repeated five or six times till the 
washings return clear. The patient then lies 
with the affected ear down for five minutes 
to allow all fluid to drain out. The entire 
procedure takes thirty to forty minutes. In- 
stead of an otoscope, a bulbous glass irri- 
gator tip and a rubber bulb may be used. 
The use of a rubber bulb is very tiring on 
the hand and I have, therefore, installed a 
very slowly acting electric pump which 
makes about 60 revolutions per minute and 
can deliver suction and pressure at 1 50 mm. 
of mercury or less, as required. 

After the ear is free of the cleansing solu- 
tion, the patient is again turned with the af- 
fected ear up and the aqueous radiopaque 
solution is instilled into the canal. The 
pump is used again to help instill the fluid 
deeply. The patient is not turned over this 



L-., _ 

*UG. 1. Wet cadav'er before injection of opaque 
material. C, canal; Os, bone cells; P», pneumatic 
cells. 



Fig. 2. Cadaver after injection of opaque material. 

C, canal; Os, bone cells; Pn, pneumatic cells. 

time but is kept in the same position. If the 
opaque solution has disappeared from view, 
more is added. The capacity of the air cells 
is sometimes surprising. The cadaver speci- 
men shown in the illustrations took 12 cc. of 
solution. The canal is now corked carefully 
to prevent leakage. A small medicine drop- 
per bulb, closed end first, makes a good, 
comfortable stopper. If loose, its cavity can 
be packed to distend it. The second series of 
roentgenograms is now taken. 

A study of the roentgenograms of a wet 
cadaver specimen shown in Figures i, 2, 3 
and 4 is revealing. Figure i is a lateral view 
of a temporal bone before opaque solution 
was injected. The network of very small 
cells, lettered Os, is the osseous framework; 
the network of large cells, lettered P;/, are 
the pneumatic cells. Figure 2 is a roent- 
genogram of the same specimen in the same 
position af/er injection of opaque solution 
and shows the same air cells more heavily 
outlined and also brings out some periph- 
eral cells not visible in Figure i, especially 
in the mastoid region. 

Figures 3 and 4 show still more interest- 




Unc. 3. Cadaver, horizontal view, before injection of 
opaque material. L, labyrinthine region; Jp, 
petrous apex; ApC, apical cells. 




k — \\ — ) 


ing findings. They are horizontal views of 
the same specimen showing the whole 
length of the petrous pyramid. Figure j 
was taken before injection of opaque solu- 
tion. The apex of the petrous bone can be 
clearly seen. The broken circle indicates the 
region of the cochlea and semicircular ca- 
nals. Even without the opaque solution, a 
network of air cells can be seen overlying 
these structures and along the anterior and 
posterior borders of the petrous bone, cells 



Fro. 5. Internal cast of previous specimen. Lateral 
view. £i(s, eustachian tube; M/d E, middle ear; 
At, atticus; Ad, aditus;//w, antrum; mastoid 
cells. 

can be seen that extend to within inch of 
the petrous apex. In Figure 4, the same 
specimen in the same position after the in- 



Fig. 4. Cadaver, after injection of opaque maten^. 
L, labyrinthine region; Ap, petrous apex; Ap , 
apical cells. 


Fig. 6, Top vie^v, previous specimen. 
canal; Eus, eustachian tube; Mtd h, middle car, 
Mas, mastoid cells; ApC, apical cells- 
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jection of the opaque solution, the cells are 
more heavily outlined. 

The importance of these findings is ob- 
vious. They show a continuous, if devious, 
aerial connection between the middle ear 
and petrous cells. This specimen is typical 
of many that I have studied. They un- 
doubtedly offer an explanation of the path 
of infection in many, if not all, cases of 
petrous apicitis. 

The presence of the opaque solution in 
the cells is positive proof that they are air 
cells, but any question of a shadow of a 
doubt is precluded by the findings in Fig- 
ures 5 and 6. These are photographs of casts 
of the insides of the tympanum and para- 
tympanic cells. The casts were made by in- 
jecting, under pressure, an acetone solution 
of a plastic (methyl methacrylate-polymer 
vinylite) through an opening in the drum 
membrane. After the plastic had solidified, 
the bone and soft tissues were dissolved by 
strong caustics, which did not act on the 
vinylite. The same specimen was used as in 
the previous studies. Before the cast was 
completely freed of its bony encasement, it 
was seen to approximate the dimensions 
shown in the roentgenograms (Fig. 1-4), 



Fig. 7. Before injection of opaque material in patient, 



Fig. 8. Same patient, after injection of 
opaque material. 


but as it was freed from the bone, many 
peripheral cells were so delicate and their 
connections so tenuous, that they fell off 
during handling. The dimensions shown in 
Figures 5 and 6 are still large enough to in- 
dicate the extent of the pneumatic system 
of the temporal bone. Figure 5 is a lateral 
view, corresponding to the view seen in 
Figures i and 2, and Figure 6 is a view cor- 
responding to that seen in Figures 3 and 4. 
The lettering indicates the parts. Particular 
attention is called to Figure 6, where it can 
be seen that the plastic material extends 
over and around the petrous labyrinth. 
Apical cells shown in Figures 3 and 4 extend 
well internal to the labyrinth. The ends 
were, unfortunately, broken off in handling 
and they do not extend as far as the air 
cells. It must be remembered that what 
appears solid in the picture is actually air 
space in the bone. 

It is comparatively easy to take roent- 
genograms of the cadaver. If the ear is nor- 
mal, it is only necessary' to puncture the 
drum membrane to inject the opaque solu- 
tion. If the ear is diseased, pus has dried up 
and poly'ps have shrunken. In the living, as 
stated earlier in this paper, we can take 
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these roentgenograms only if the drum 
membrane is perforate. In that case there is 
pus and, often, polyps. The pus must be 
washed out from the deep recesses and the 
polyps must be shrunk. This is a time con- 
suming and painstaking procedure. Never- 
theless, the information gained is worth the 
trouble. Figures 7 and 8 are roentgeno- 
grams in the case of a man who had 
chronic purulent otitis media for many 


OrroBKf., jrj'i 

years. Polyps protruded from the external 
meatus. In spite of this handicap, the 
roentgenograms show a marked difference 
in the outline of the cells. 

Not all cases are so difficult. But difficult 
or easy, it is necessary that fuller and more 
exact information be obtained. 

36 West 40th St., 

New 'i'ork 1 8, N. Y. 


Max Unger 
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MULTIPLE MARCH FRACTURES* 

THE STATICODYNAMIC EFFECT 

By PERCY J. DELANO, iM.D., ajid L.-V. CAPER, M.D. 

CHICAGO, ILLIN'OIS 


T he term “march fracture” has 
emerged from tlie many names bv 
which this clinical entity has been referred 
to, such as, “Fussgeschwulst,” “pied force” 
“Deutschlander’s Krankheit,” “h'larschge- 
schwulst,” “pied debile,” “pied de 
inarche,” “Penflure du pied,” “pied sur- 
charge,” and the like. 

Around this group of descriptive terms 
were built up pathologic concepts equally 
contradictory, and intricately conceived. If 
one is interested in a very complete review 
of the growth of our understanding of 
march fracture, he should consult the ex- 
cellent article by Meyerding and Pollock.^ 
In the present paper it is not intended to 
cover ground already so well explored, but 
before proceeding to thepointof this article, 
it may be mentioned that Breithaupt 
thought the condition due to an inflamma- 
tory reaction in the tendon sheaths; Weis- 
bach believed that it involved the liga- 
ments rather than the tendons and called it 
“syndesmitis metatarsea”; Pauzat thought 
it due to the dorsal fold of the soldier’s shoe, 
resulting in an “osteoplastic periostitis”; 
Poulet considered it a form of rheumatic 
diathesis; Deutschlander suggested a bac- 
terial factor; Kirschner believed that it was 
induced by exhaustion of the muscles of the 
foot (and, incidentallv, in 1905 decided that 
all cases were due to fracture, thus antedat- 
ing his contemporaries by a considerable 
length of time in arriving at the truth of the 
matter). 

The first roentgenogram depicting the 
condition is believed to have been taken by 
Stechow in 1897. 

With further study of roentgenograms, 
the fracture line began to be described in 
some of them; then it began to be searched 
for in more of them; then, as roentgen tech- 


nique improved, it began to be more fre- 
quently identified. One error in technique 
responsible for such lesions being over- 
looked is the practice of taking roentgeno- 
grams of the bones of the hands and feet 
using intensifying screens; such roentgeno- 
grams not only mask detail, but prevent 
the recognition of changes in osseous den- 
sit}’ whicli may occasionally give the clue 
to a disease process, such as a Sudeck’s 
atrophy. In ni}" observation, more than one 
fractured carpal navicular bone has passed 
unnoticed because the roentgenogram of 
the hand had been taken using intensifying 
screens. 

As march fracture began finally to be 
more universal!}’’ recognized in its true 
status, a rather voluminous literature filled 
with highl}^ hypothetical etiologic concepts 
passed into oblivion. The situation is quite 
comparable to that obtaining in relation to 
“Kiimmell’s disease.” During the years in 
which this interesting entity was regarded 
as a mystery, much discussion was carried 
on at various medical societies, but now 
that orthopedic surgeons are rather united 
in regarding “Kiimmell’s disease” as merely 
an overlooked compression fracture (due 
mostl}^ to advances in roentgenograph ic 
technique), the subject has become neg- 
lected. 

The question as to wh}’’ march fractures 
occur in some individuals and not in others 
has swung the focus of inquiry closer to 
Morton’s original concept of the “weak 
foot”; Morton and others have called at- 
tention to the short first metatarsal, the 
prevention of a proper weight-bearing 
thrust b}’’ the occurrence of certain types of 
sesamoids with the first metatarsal; Dodd,^ 
quoting Shulte, thinks that protrusion of 
the second metatarsal is a predisposing 
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Fig. I. Simple fracture of first metatarsal. 


Fig. a. Healing of the fracture shown in figure i; 
the patient is walking on the fracture, and the 
callus is exuberant. 
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factor; Sloane and Sloane^® discuss the 
theory that compression of the blood sup- 
ply by the interossei in a flat foot may pre- 
dispose to the condition. 

Hauser^ in his textbook calls particular 
attention to metatarsus latus and pes A^al- 
goplanus as predisposing factors, and alsD 
mentions the fact that march fracture has 
been seen following radical operations for 
hallux valgus. 

The case to be described here illustrates 
the manner in which two consecutive march 
fractures were produced in a foot consid- 
ered normal before tlie occurrence of a sim- 
ple fracture of the first metatarsal (the 
march fractures following the simple frac- 
ture). 

This patient, injured while at work by drop- 
ping a heavy object on the great toe, gave evi- 
dence of an ordinary simple fracture of the first 
metatarsal (Fig. i). The foot was placed in a 
cast, and the patient sent home. When return- 
ing for observation some days later, the rather 
exuberant callus about the healing fracture was 
commented upon, and the patient, wlio was sus- 
pected of not being cooperative, was cautioned 
again about weight bearing. 

The patient returned at a later date with a 
still more diffuse layering of callus about the 
shaft of the fractured metatarsal, and, in addi- 
tion, a fracture through the neck of the second 
metatarsal. 

The cast was reapplied, and the cautions 
about weight bearing reiterated. Perhaps our 
presentation of the cause and effect in the con- 
dition was not clear, but at any rate the point 
of the matter seemed to have escaped our pa- 
tient, for he returned at still a later date with a 
healing march fracture of the third metatarsal 
bone, which appeared quite comparable at that 
stage to the healing march fracture of the sec- 
ond metatarsal. 


CONCLUSIONS 

W^e believe that we have here illustrated 
the effect of an altered weight-bearing 
thrust: a foot appearing in no way abnor- 
mal before the occurrence of the first meta- 
tarsal fracture becomes the site of two 
march fractures because the patient, keep- 
ing his weight off the great toe and walking 
on the outside of his foot, so altered his 
weight-bearing thrust that two typical 
march fractures resulted. 

40 East Oak St., 

Chicago, 111. 
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constant potential, and 2 mn. The n>en'ee- 
u CIS 23 inches long and slighrlv ks< tk-' 
: diameter at active craL Th- 

anode is 2 cm. from the surface of the ruh-- 

and the r afflux is i,u3 per minute uith; 

h ter of 1 mm. .Al. The tuhe is cntirch 
shockproof and may he held in the one.M. 
tors hand, and its .size and .shape jH-rmijs 
easy introduction through the cv.sto;omr 
wound. After it has been well senihhed 
with alcohol, it is placed in a sterile sto.;l.;. 
ingette and covered with a sterile rubber 
sheath, under which conditions it nia\ be 
introduced into the surgical field v.ith im- 
punity, Most cases treated had tuo c\s. 


LO^^TLL S. GOJN, M.D., 

I-OS AXGEr.ES, WUEORKIA 

JN 1940 we described a method of treat 
of cancer of the bladder bT a 
combined surgical and radiation tech 
nique. Briefly, the method consisted of 
marsupialization of the bladder with sub 
sequent irradiation of the tumor by verv 
low voltage roentgen rays with the tube in 
contact with the lesion. After a brief ex- 
perience with this method, it was aban- 
doned in favor of the simpler and more con- 
venient plan of suprapubic cystotomy and 
direct irradiation of the tumor, with one or 
two re-openings of the bladder for further 
treatment. 

Since we have now treated a total of 31 

patients during a period of five years, it totomies about one week apart am! re 
seems appropriate to review the results ceived a total do.'jc of io,ood r, ahiiough a-, 
obtained and to attempt an evaluation of much as 28,000 r has been given in t'Acntc- 
the method. We have in mind, moreover, two days. 

the likelihood that, after the end of the In another communication- one of ikIu^ 
present war, contact roentgen therapy will pointed out the danger inherent tti what we 
be in much more general use, and that our might call the transliteration of thedf'.TJo 
small experience in the treatment of cancer named. Jt i.s very irnfwrtanr tf> reahze tfiat 
of the bladder should be available for the it would be dangerou.s to admini.'-ter .a ij’; '.' 
benefit of those who wish to undertake this of 28,000 r under conditions othe.' than 
method. those here de.scrihcd and that imk-fd it m.’w 

The technique which we have employed be and likely i.s the case that the 
in all but four of the patients treated (i.e., effect of the roentgen, wtth the^ 
those in whom the bladders were marsu- wave length radiation employe* 
pialized) is fairly simple and, in the latter 
half of the series, became quite stand- 
ardized. Under spinal anesthesia a classical 
suprapubic cystotomy is performed, ex- 
posing the tumor. After reduction of the 
mass to its base by fulguration, a dose of 
approximately 5,000 r is administered to 
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different from that enmmoniy exp-ricorr i 
with more conventional radianon tfiiT.qv- 
Only moderate sloughing folhwcJ 
treatment. In no case was there any v.rr :; ■ 
hemorrhace, and there was no im f.ini *. *•• 
perforation of the hkadder or of fsto.';-. . - 
mation. There was no j^nmar) morLo.f^ - 


the base of the tumor at a h 
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be included in the irradiation field at con- 
tact, and since it is obviously impossible to 
employ multiple circular fields without 
either overlapping or leaving small irregu- 
lar areas untreated. We have limited treat- 
ment to tumors involving the trigone be- 
cause the alternative is total cystectomy 
with its high primary and secondary mor- 
tality. Neoplasms of the vault or lateral 
walls of the bladder may be treated by lo- 
cal resection and this, we believe, is prefera- 
ble to radiation therapy when it can be 
performed. Rationalization of this com- 
bined surgical and radiation therapy pro- 
cedure was as follows: Cancer of the blad- 
der is, for a rather long time, a local disease, 
tending to metastasize only fairly late in 
its course. Most of these neoplasms are 
comparatively radiosensitive and the prob- 
lem would seem to be simply tlie adminis- 
tration of a sufficiently large dose of radia- 
tion at the base of the tumor while avoiding 
irreparable injury to adjacent tissues. Su- 
prapubic cystotomy and the use of the 
shockproof contact roentgen tube solves 
the problem of applying the irradiation to 
the tumor without loss of energy or the pro- 
duction of undesired irradiation effects in 
tlie overlying structures. Because of the 
very short target-surface distance (22 
mm.), and the very low voltage (50 kv., 
constant potential) the depth doses are 
small, as shown in the accompanying table. 

Circular field 3 cm. in diameter: 

At 1 cm. depth 32% 

2 cm. depth 13% 

3 cm. depth 6-4% 

4 cm . depth 3 . 6% su rface dose 

Thus protected by geometrical laws, very 
large doses may be administered without 
serious damage to underlying tissues. 

Although little or no fault may be found 
with these assumptions, and in spite of the 
fact that the immediate results were im- 
pressive, a study of the 31 patients thus 
treated causes us to adopt a rather pessi- 
mistic attitude and serves to point the ob- 
servation so frequently made that the local 
disappearance of a malignant tumor is not 


tantamount to its cure. Thirteen of the tu- 
mors treated were papillary carcinomas and 
18 were infiltrating. Twenty-two of the tu- 
mors were graded and 9 were not classified 
as to degree of malignancy. Grade 3 tumors 
predominated with 1 1 tumors in this group. 
Six were in Grade 2, 3 in Grade i and 4 in 
Grade 4. All tumors treated involved some 
portion of the trigone or the bladder neck. 

The number of treatments varied from 
one to eleven. Fifteen patients received two 
treatments each, 7 received only one treat- 
ment, 4 were treated three times, i had 
four treatments, and this group included all 
who underwent cystotomy for each treat- 
ment. Four patients (the first 4 treated) 
had marsupializations performed, after 
which 2 received ten and 2 eleven treat- 
ments. Those in the first group who re- 
ceived multiple treatments had them at ap- 
proximately weekly intervals. Treatment of 
the marsupialized bladder occupied about 
three weeks, treatment being given on al- 
ternate days. 

The total dose administered varied from 
a minimum of 5,148 r given in a single 
treatment to a maximum of 28,116 r, to 
those treated fractionally, all measure- 
ments being made in air. Fifteen patients 
had doses of about 10,000 r. Very large 
doses, approximating 28,000 r, were given 
to the 4 patients whose bladders were 
marsupialized. 

Every patient treated had had a histo- 
pathological diagnosis, and in 20 of them 
a second biopsy was done at the final treat- 
ment. No cancer cells were found at the 
second biopsy in 13 of the 20 patients stud- 
ied. The end-results achieved in the 31 pa- 
tients treated are here summarized: 

Cases Per Cent 

Dead, but with no evidence of cancer 


at postmortem study 2 6.4 

Dead, Avith cancer 10 32.3 

Living, with cancer 10 32.3 

Living, with no cancer 9 29. 


of those dead with cancer, i was a suicide whose treatment had 
not been concluded. 

Of the 10 patients who died of cancer, 9 
died in the first year after treatment, and i 
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Lowell S. Coin and Eugene R Hoffman 

Cases offer much encouragement. Colby and 

3 J'eport I oi cases of cancer of the 

t ^ supervoltaue roentcon 

2 years.' .’ .' .' .’ ; '. '. '. ; '. ; : ; : ; ; ; ; ; i therapy, of this series 33 per cent have .^ur- 

I year ^ vived from one to five years with carcinonni 

and 12 per cent have survived one to five 
The advantages of the combined surgical years without disease, 
and low voltage contact roentgen irradia- In conclusion, we may say that, having 
tion method in the treatment of cancer of hi mind the disadvantages and limitations 
the bladder are: (i) low primary mortality of the combined surgical and low voltatje 
(none in our series) ; (2) low secondary mor- contact roentgen irradiation technique, it is 
tality; (3) complete exposure of the tumor, ^ useful addition to the few methods availa- 
permitting biopsy for microscopic study, hie for treatment of cancer involving the 
and fulguration; (4) comparative simplicity bladder trigone. We believe that its use 
as contrasted .with total cystectomy or ra- should be limited entirely to the treatment 
don seed implantation. ol" tumors not more than 3 cm. in diameter 

The disadvantages are: (i) multiple cys- which involve the trigone or the bladder 
totomies, two or more in most instances; *icck. Under these conditions, the results 
(2) rather long hospitalization (four to six are probably at least as good as those oh- 

tained by any other method and, in view 

The results, to be properly evaluated, of the low primarv and secondary mortality, 
must be compared with those following the method is to be preferred to tota ejs- 
curative efforts by surgery, i.e., total tectomy. 
cystectomy, radon seed implantation, and 1930 Wilshirc Blvd., 
high voltage external irradiation. A series LosAngelc.s C.nlif. 
of 21 patients had total cystectomy per- refi-rf-xcks 

formed at the Memorial Hospital with 5 ^ Qoi.v, l. s., .nnd MorKM.\K, K. F. Fsc nf imr.)- 

operative deaths, or a primary mortaht) vesical low-volt.ige contact roentgen irf.idi.in“'i 

of slightly more than 23 per cent. Eight of in cancer of the bladder. Rmhoh^s, I'nU.v. 

the survivors are living and apparently l,nv-voitage cont.net irradi-uim. 

well, 5 of them for more than five J , - therapy; further experience. Riuihlo^y, I'Jta. 

for eighteen months and i for thirty 

months.^ At the same institution, 205 pa- ^ G. y.. and I.ivisGsm.x, j- 

tients had radon -ed V,. 

cent were said to be contiolled, ann 19 

per cent were free from cancer five or I ,9.1;. 1,11,,: ■ 

years after treatment." As to external ir- < ,,„,i .M. '' y;; ;, . 

i-adiation it is unlikely that many five .year - ..f Myi.kr . 

m frre’effected with =00 ky. hrad.afon z.,.. .1 t-roa 

Perhaps roentgen rays produced at higher .P- 
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AN ANALYSIS OF THE PHYSICAL FACTORS CON- 
TROLLING THE DIAGNOSTIC QUALITY 
OF ROENTGEN IMAGES* 

PART IL MAXIMUM RESOLVING POWER AND RESOLUTION 

COEFFICIENT 

By RUSSELL H. MORGAN, M.D.f 

WASHINGTON, D. C. 


I N THE first of this series of articles,! the 
physical factors affecting the diagnostic 
quality of roentgenographic films and 
roentgenoscopic screens were analyzed. Be- 
ginning with the premise that the inter- 
pretability of a roentgen image is closely 
related to the ability of the recording film 
or screen to register detail, it was shown 
that diagnostic quality is dependent on the 
maximum resolving power of the roent- 
genographic film or roentgenoscopic screen, 
on a relatively minor factor called the reso- 
lution coefficient, on the contrast which the 
various roentgen images exhibit and the 
unsharpnesses of the images. It was further 
pointed out that the relationship between 
these several factors is given by the equa- 
tion 

R = (la) 

where R is the resolving power or ability 
of the roentgenographic film or roentgeno- 
scopic screen to record detail, 

Rm is the maximum resolving power of 
the film or screen, 
a is the resolution coefficient, 

C is the contrast between an image and 
its surrounding field, 
e is the Naperian base, 

Uf is the inherent unsharpness of the film 
or screen and 

U, is the overall unsharpness with which 
an image is recorded (inherent un- 
sharpness and extraneous unsharpness 
such as that contributed by anatomical 
movement and an excessively large 
roentgen tube target collectively). 


Equation (la) is valid for all contrast 
levels. For images of low contrast, however, 
the relationship may be expressed more 
simply by the equation 

R = R.„aC{Uy/Ud (ib) 

In this communication, the significance 
of the maximum resolving power and reso- 
lution coefficient of a roentgenographic 
film or roentgenoscopic screen will be dis- 
cussed. Methods for measuring these pa- 
rameters as well as quantitative data on 
representative commercial films and screens 
will be included. 

Resolving power is a measure of the 
ability of a photosensitive material (e.g. 
photographic film, roentgenographic film, 
fluorescent screen, etc.) to record detail. It 
is customarily determined by projecting on 
the material under test an image of a suit- 
able object whose pattern is relatively dif- 
ficult to reproduce and whose pattern may 
be varied in a quantitative manner from 
a fine to a coarse configuration. 

In photography the test-object usually 
employed is a black and white, high con- 
trast, line drawing similar to that shown in 
Figure i. Part i, of this series. The width 
of the lines is customarily equal to the 
width of the spaces although for some work 
this practice is not always retained. The 
drawing is photographed on the film under 
test, care being taken to use a lens capable 
of resolution considerably better than that 
of the film. The film usually experiences 
little difficulty in reproducing the coarser 
patterns. As one proceeds to the finer con- 


From the Division of Roenteenolosiv, The University of Chicaeo and the Radiology Section, Tuberculosis Control Division, U. S. 
Public He.ilth Service. = • 
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+ Morgan, R. H. .■\n analysis of the physical factors controlling the diagnostic quality of roentgen images. Part i. introduction. 
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and appear as a homogeneous density. The 
greatest number of lines per miJiimeter 
which can be distinguished in the developed 
and processed him constitutes the film’s 
resolving power. 

The methods of measuring the resolving 
power of photographic materials have be- 
come well standardized. Normally, a high 

contrast test-object is employed' and ac- 

cordingly the determinations indicate maxi- these, there are certain other criteria which 
mum resolving power (see equation (i) ). must be fulfilled for roentgen experiments: 
rJiotographic manuals, listing the resolving Alignment with the roentgen beam must 
powers of various photographic materials, be easily obtained and, other things beina 
however, usually ornit the qualifying term, equal, measurements must be independent 
maximum,” it being taken for granted of the quality of the roentgen radia ' 


g the reviving power of a photosensitive 
material. First, the object must present a 
relatively intricate pattern so that the 
ability of the material to record detail is 
adequately tested. Second, it must be pos- 
sible to vary, quantitatively, the size of its 
pattern, retaining at the same time an 
identical configuration; third, the obiect 

must be easily reproducible. In addition 
.1 . . . . 


lation. 


J O C’ -- ^ « 4 4 >i I I W/J I * 

that the reader recognizes the omission. It is evident that although a linear test- 

Although methods for measuring the re- object has beeir found suitable in photog- 

solving powers of photographic materials raphy, it is not essential that such a pat- 
are well established such is not- the case tern be retained in roentgenography or 
for roentgenographic films and fluorescent roentgenoscopy. Realizing this, White’ re- 
screens. The development of a suitable cently developed a test-object which when 
test-object appears to be .the principal dif- properly designed appears to fulfill all 
Acuity which has impeded progress in this the above criteria. The object consists of 
direction. It will be obvious that the test- wire ranging in size from o.o8 to 4 nun. in 
objects which have proved so successful in diameter wound on mandrils of convenient 
photography are useless in roentgen ap- diameter (e.g., 2 to 5 mm.). Approximately 
plications. It is theoretically possible to 10 to 15 turns of each size of wire arc em- 
construct a test-object composed of alter- ployed, and are wound with adjacent tun s 
nating laminations of lead foil and of paper in close apposition. Eighteen sizes of wire 
(or some other radiolucent material) which within the limits of diameter stated proyiclc 
when interposed in a roentgen beam will a sufficient number of K'y '' 

nroduce on a roentgenographic film or satisfactorily precise evaluation o( the n- 
Crescen t screen a linear iLge similar solving power of any rocn.gcnograp n 
fo those prodtmed bv photographic test- film exposed w.tii intensifying screen jl 


by varying the thickness of the laminations, 
the pa’ttern could be varied quantitatively 
from a fine to a coarse configuration. In 
practice, however, such test-objects are 
extremelv difficult to construct and use. Jf 
they are not precisely aligned with the 
roentgen beam, the results obtained arc 
unreliable since slight maladjustment of a 
few minutes of a degree will cause adjacent 
laminations to overlap in the beam. 

Before discussing other attempts t 
make uitable test-objects for roentgen 
m;asurements, it might be well to consider 


able. Test-objects with finer wire are now 
being constructed for the testing of filni^ 
exposed to roentgen radiation din-ctiy. --J 
photograph of a portion ot the wire-wfumd 
test-object is shown in lugurc i«. hgure i 

illustrates a roentgenogram of 
segment. It will beolxservcd that the«h.|r. ■ 
produces a serrated pattern, ,i con 'c ‘ ' 
.fomewhat more difficult to reprodi I 

the linear photograplur pattern, Hn ! 


• t*’ hornr hy 

fcvrrai 
?err.«tca 


h<-t 


I pl...t««jrhic tarry yy-rMy 
ii tcsvolijci-t itlrnttr.!,’ tn 
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tice has been adopted in this laboratory 
to specify resolving-power measurements 
made with this test-object in terms of ser- 
rations per millimeter, the resolving power 
of a material being the largest number of 
serrations per millimeter which can be 
distinguished. 



0 


Fig. ifl. \Vire-%\ound test-object suitable for mea- 
suring the resolving power of roentgen materials. 

The wire-wound test-object is easily con- 
structed and simple to align with the 
roentgen beam. Furthermore, when silver 
wire is employed, results are independent 
of roentgen quality over a range extending 
from a half-value layer of 0.33 mm. Al to a 
half-value layer of 9.0 mm. Al. This em- 
braces the range of quality usually em- 
ployed in diagnostic roentgenology. This 
independence of quality is well shown in 


the wire-wound test-object are approximately 30 per cent less 
than those measured with the coni entional line drawing. This 
relationship was also found to hold for measurements of usual 
resolution. 



Fig. \b. Roentgenogram of test-object, shown m 
Figure irt, illustrating serrated pattern. 

Figure 2 where the resolving power of 
Eastman Blue Brand film exposed with a 



0 OZ 04 06 08 10 

Contrast 


Fig. 2 . Relationship between resolving power and 
contrast for Eastman Blue Brand film exposed 
with a Buck front type intensifying screen for four 
qualities of radiation. The manner in which the 
experimentally observed values fall closely along 
a common locus indicates that the test-object per- 
formance is independent of roentgen quality. 
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front type Buck intensifying screen is 
plotted over a wide range of contrast for 
four qualities of exposing radiation. It will 
be observed that the various points fall, 
within experimental error, on a common 
locus. A front screen only was used in con- 
ducting this determination because the re- 
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Fig. 1 . Maximum resolving power of E.astman Blue 
Brand film exposed with Buck X-tra .Speed in- 
tensifying screens plotted as function of image 
density for two qualities of radiation. Observe how 
resolution diminishes with increasing image den- 
sity; also how resolution diminishes with incre.ising 
hSdness of the radiation. In Buck X-tra S^ed 
screens the front screen is a fine-gram ^ 

hack screen a relatively coar.sc-grain trp.. \Mitn 
Ite rSion is of long -vavdcng.h . ,s front 
screen contributes predontinnntlj- to him ucU • 
„g beenuse little rndiat.on penetrntes " 

^rr^eree )• Stn'T ;:,lS» ^ 

SrlneSgtb m ci. of the |n. 

front screen. Consequently resolution 
(coar-sc-gr.iined back screen). 

j ;: -3 
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powersoH .. e 1 iptcttMtytPt.' 
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wire- wound test-object. Tv.o Iv.inJs of 
fluoroscopic screens anti two p!ifqofii;f>rtr. 
graphic assemblies have ahn lice;', exarr-. 
ined. The rocntgcnogr.aphic and 
fluorographic exposures were in.-stie over .w 
image-background contrast range evtenT 
ing from a density of xero to a density of 
2.0, a range more than stifncient v-kh 
which to evaluate the maxirnuni rtsoh, in.: 
power of the material under test. 

. Tiic various dctcnninatinns were nuuli- 
simply by placing the test-object e>vcr tlu; 
cassette containing the film nr fihn-HTn'n 
combination under examination and mvsng 
suffleient exposure to produce the (iisire.i 
contrast. The experiments were coiuluctca 
with four qualities of radiation having hail ' 
value layers of 3.0 and 9.0 mm. 

of aluminum rcsjK'Ctively. 

Because of the high .ih.w.rpiion ot tlw 
silver tesr-ohjeer, tlie image density of flw 
various films was essentially zero, bm«<- 
resolving power miclit he a function f? 

imacc densitv, the determinations v.rre re 

peated after the fiim-scrcen comhmate.n 

had been given sufhcient oeer-ali prt. 
exposure (i.c., with no tc^-t-ohject m 
to produce final !mat;e^denM!ie'-_ of k'' 

proximatelyo.5, J.o, J-' :.c-. 

films were processed umUn 

idcnrical corulittons as p(!S‘ ihlc m - 1 ‘ ■ 

Lviiroquinone developer at a temp.a.,uo 
officM^niKlwithadevchk'ngtmw^ 

' ’ f - 'I'lii- n-iulfs of (he-’;' esp tn. -- 

minute. i 
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siderably when the quality of the exposing 
radiation becomes harder. This effect, as 
one might expect, is always particularly 
pronounced when exposures are made with 
front and back intensifying screens that 
are markedly dissimilar and is absent in 
photofluorographic films. 

In Table i are tabulated the maximum 
resolving powers of four commercial brands 
of roentgenograph! c films exposed with 
nine U-pes of intensifying screens. The 
screens marked with a single asterisk are so- 
called “high speed screens,” those marked 
with a double asterisk, “medium speed 
screens” and those marked with a triple 
asterisk, “high definition screens.” Data 

Table I 

MAXIMUM RESOLVING POWERS (SERRATIONS PER 
millimeter) of VARIOUS FILM-SCREEN COMBINATIONS 
NOW COMMERCIALLV AVAILABLE IN THE 
UNITED ST.A.TES 


Brand of 
Intensifying 
Screen 

Brand of Film 

A 1 

B 

C 

D 

I* 

3-0 i 

3-0 . 

3.0 1 

I 3.0 


a .5 i 

^•5 1 

2.? 1 

1 

1 

II** j 

4-0 1 

1 

4.0 . 

4.0 

^ 4.0 

1 

! 

3.5 i 

3.5 i 

3-5 

3-5 

Ill*** 

6.0 

6 .0 

6.0 1 

' 6.0 


6.0 

6.0 j 

6.0 I 

1 6.0 

IV* 

4.0 1 

4.0 

! i 

; 4-0 : 

' 4-0 


1 3-0 i 

3-0 

3-0 

3-0 

y** i 

4-0 1 

4.0 

: 4-0 : 

; 4.0 


3-5 1 

3-5 

I 3-5 i 

1 3-5 


S-o 

5.0 

5.0 

5-0 


5.0 

5.0 

5-0 

i 5-0 

VH* 

3 *5 

3-5 

3-5 

3-5 


3-0 

3-0 

3-0 

3-0 

VIII** 

4.0 

4.0 

4.0 

4.0 


3 *5 

3-5 

3-5 

3-5 


4.0 

4.0 

4.0 

4.0 


3-5 

3.5 

3-5 

3-5 


* “High speed screens.” 

** “Medium speed screens.” 
High definition screens.” 


for photofluorographic films are listed in 
Table ii. It will be observed that two 
figures are listed for the various film-screen 
combinations. These data indicate the 
limits of maximum resolving power over 
the range of quality studied. All of the 

Table II 

MAXIMUM RESOLVING POWERS (SERRATIONS PER 
millimeter) of various PHOTOFLUOROGRAPHIC 
FILMS 


Film 

Resolving Power 

35 mm. 

0.75 

70 mm. 

I .25 

4X5 inch 

1.50 


Eastman Photofluorographic film (an orthochromatic or blue, 
green and yellow sensitive emulsion) was used for the 35 mm. and 
70 mm. exposures. Single coated Eastman Blue Brand film (blue 
sensitive emulsion) was used for the 4 X5 inch exposure. 

figures for the roentgenographic materials 
were determined from films having an 
image density of zero; approximate values 
at other image densities may be calculated 
with little difficulty from Figure 3. 

Attention is directed to the independence 
of resolving power and the brand of roent- 
genographic film. Apparently the resolution 
of an intensifying screen is so much lower 
than that of a film that the resolving power 
of the latter plays very little part in de- 
termining the resolution of the film-screen 
combination. 

The experiments on tlie fluorescent 
screens (type “B” and photo roentgen) were 
performed by making contact exposures 
witli photofluorographic film. They have 
no direct significance relative to what may 
be seen witli these screens roentgenoscopi- 
cally, but are useful, as will be shown pres- 
ently, in studying certain problems in 
photofluorography. Visual data on roent- 
genoscopic screens are now in preparation 
and wiU be reported in a later communica- 
tion. 

The resolving power of a photosensitive 
material is a function of several factors in- 
cluding the sharpness with which an image 
is recorded and the granularity of the film. 
Lowry- and Goetz, Gould and Dember® 
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have shown that granularity increases with in configuration to tliose obtained by Sand- 
film-density. In Part vi of this series it will vik and Ronchi. It should be j'sstntedi 
be shown that sharpness decreases with here that although maximunt resolving 
film-density. In view of these facts it is not power does not change apprcciabh after 
surprising that resolving power also de- a short development, the mhcrent patras* 
creases with film-density. 
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gresses. The observed resolving pov.er 
for images of low contrast, as indic.ited by 
equation (lb), therefore diminishes r.ipiJly 


ei[uaLUJn 

with underdevelopment. 

At one time, developer compos! tion va.-- 
thoucht to have a marked efiect on re- 
solving power. Experiments hy lb>ssd fm-.w 
ever, do not seem to justify this opinion. 
The influence of developer com}>os!tmn o:: 
the resolntion^of roentgctunirapluc ma- 
terials was not thoroughly studicu m thr^ 
investigation, but some evidence w.v 

tained which tends. to indicate that rc^n*,- 

tion is not greatly aftected i>y ac^e^o, . 
parameters. _ 

Ani-n U 
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duced when conditions which promote un- 
sharpness of the roentgenograph ic images 
are present. In photofluorography, three 
such conditions exist. Some unsharpness is 
produced by the fluorescent screen; more 
is contributed by the lens of the photo- 
fluorographic camera and finally the clarity 
of the image is further reduced by the in- 
herent unsharpness of the film. In general, 
when several factors which produce un- 
sharpness operate collectively, the overall 
or total unsharpness is the sum of the in- 
dividual factors;* that is, 

(2) 

Since resolving power tends to bear an in- 
verse relationships to unsharpness (equa- 
tion (12), Part i), the resolving power of 
the photofluorographic process may be 
expected to approximate 

R;rR^R,+R, 

where Rp/ is the resolving power of the 
photofluorographic process; 

is the resolving power of the 
fluorescent screen; 

Re is the resolving power of the lens, 
and 

R/ is the inherent resolving power of 
the photofluorographic film. 

The resolving power of the fluorescent 
screens customarily employed in photo- 
fluorography is 2.25 serrations per milli- 
meter. The resolving powers of conven- 
tional photofluorographic lenses and film 
are each approximately 50 lines per milli- 
meter or 35 serrations per millimeter. 
Values of lens and film resolution, however, 
cannot be considered in relation to that of 
the screen until account is taken of the 
amount of magnification necessary to en- 
large the film to screen size. With such 
enlargement, the resolving powers for lenses 
and films become 3.0, 6.0 and 10 serrations 
per millimeter for 35 mm., 70 mm. and 
4X5 inch films respectively. Substituting 

This rdationship is valid only under limited circumstances. 
It will be discussed at considerable length in Part vi of this series. 


these values in equation (3) the predicted 
resolving powers of the various photo- 
fluorographic processes are 0.9 ser./mm. 
(35 mm. film); 1.25 ser./mm. (70mm. film); 
and 1.5 ser./mm. (4X5 inch film). It is 
interesting that the predicted values fall 
close to the observed values listed in Table 

II. 

It is noteworthy that in the case of 35 
mm. photofluorography the values of 
the various factors in equation (3) are 
closely similar. Accordingly, although some 
increase in resolving power could be 
achieved by improving the characteristics 
of either the screen, lens or film, such an 
increase would not be great until all three 
were appreciably improved. It is not likely, 
therefore, that any significant increase in 
the resolution of 35 mm. photofluorograms 
will occur for some time. In the case of 70 
mm. and 4X5 inch photofluorography, 
however, the resolution of the screen is 
considerably below that of the lens and tliat 
of the film. Thus, altliough no large increase 
in resolving power could be realized by im- 
proving tlie latter two components, a siza- 
ble increase could be accomplished by 
improving the properties of the former. In- 
deed, by doubling screen resolution, tlie 
resolving powers of 70 mm. and 4X5 inch 
photofluorograms would be raised to 1.8 
and 2.3 ser./mm. respectively; tliat is, in- 
creases of 50 per cent and over. It is not 
known what possibilities exist for improv- 
ing photofluorographic screens. However, 
efforts to enhance the quality of 70 mm. and 
4X5 inch photofluorograms should be 
centered on tliis phase of the problem. 

Finally, let us direct our attention to a 
discussion of 'the resolution coefficient, a, 
a factor which plays an important role in 
determining the resolving power of roent- 
gen images at low contrast levels. Referring 
to equation (la) it is evident that a may be 
determined by measuring the slope (R/C) 
of the resolving power versus contrast 
curve at zero contrast and dividing the re- 
sult by the value of the film’s maximum 
resolving power, i?„.. Values of a for present- 
day roentgen materials fall within a rela- 
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tively narrow range in the vicinity of 5.0. 
They appear to be independent of the 
quality of the exposing radiation and are 
only slightly affected by the density of the 
roentgenographic image. 

Little is known regarding the factors 
which govern the resolution coefficient of a 
photosensitive material. Since it achieves 
its principal significance at low contrast 
levels, it is possible that its value is a func- 
tion of the grain-size distribution of the 
particles which comprise the material and 
of the statistical fluctuation^ in the in- 
tensity of the exposing radiation. It is in- 
teresting that when visual resolution is 
tested, values of a, exceeding 9.5 have been 
obtained under conditions of maximum 
visual acuity. SandvikSvhen fesfugsevera 
photographic materials obtained valu« of 
LproLately a.a. on the other hand. A 
vreat deal more must be known of the 

the resolu tion coefficient can be fully under 


stood. This of course need not lessen the 
usefulness of experimentally derived values 
of the coefficient in the prediction of the 
resolution of roentgenographic films and 
roentgenoscopic screens at various con- 
trast levels. 
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NOTES ON THE USE OF PROTECTIVE GLASS 
IN PHOTOFLUOROGRAPHIC EQUIPMENT* 

By RUSSELL H. MORGAN, M.D., and IRA LEWIS. M.D, 

■WASHINGTON, D. C. 


TT HAS been standard practice in the con- 

struction of photofluorographic equip- 
ment to place a sheet of plate or lead 
glass t between the fluorescent screen and 
the photographic camera. Dust, thereby, is 
prevented from falling on the screen and, 
in the case of lead glass, the photographic 
lens and film magazine are protected from 
excessive radiation exposure. Conventional- 
ly, the glass is placed either in direct con- 
tact with the screen, thereby providing 
some support to this structure, or an inch or 
two toward the photographic camera. A 
schematic diagram of the latter arrange- 
ment is shown in Figure i. 

Although a number of wortli while pur- 
poses is served by the glass, its use is at- 
tended by several disadvantages. First, it 
complicates the optical system between the 
screen and photofluorographic film, thereby 
causing some reduction in the clarity or de- 
tail with which the various fluorescent 
images are recorded. Furthermore, it re- 
flects a portion of the light emitted by the 
screen. This reflected light is diffusely dis- 
tributed over the screen surface, thereby 
fogging the images appearing therein and re- 
ducing their contrast. In addition, the glass 
adds materially to the weight of the photo- 
fluorograph, is relatively fragile and there- 
fore subject to damage under the rigorous 
operating conditions of photofluorography 
and, finally, reduces the intensity of the 
light reaching the photographic camera 
and accordingly prolongs the roentgen 
exposure to some degree. 

The extent to which the disadvantages 
of the glass counteract the benefits has 
been the cause of much speculation in re- 
cent years. The matter has been currently 
under investigation in this laboratory and 


it is hoped that the results obtained will 
provide a satisfactory answer to the ques- 
tion. 

The effect of the protective glass on the 
clarity or detail with which photofluoro- 
graphic images are recorded was studied 
by measuring the resolving power of 
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Fig. I. Schematic diagram of typical photofluoro- 
graph illustrating relationship of fluorescent 
screen, S, and protective glass, G. 

photofluorographic film in the presence and 
in the absence of the glass. These measure- 
ments were carried out by photofluoro- 
graphing on the film under test a wire- 
wound test-object similar to that recently 
described by one of the authors.^ ■“ This 
object produces on the film a series of ser- 
rated patterns ranging from a fine to a 
coarse configuration. In 35 mm. photo- 
fluorography the film was able to resolve 
0.75 serration per millimeter when the 
glass was present and i.o serration per 
millimeter when it was absent. Thus the 
removal of the glass improved the clarity of 
reproduction by 33 per cent. In 70 mm. 
photofluorography the results were less 


* From the Radiology Section, Tuberculosis Control Division, U. S. Public Health Service. 

t Plate glass is used in the General Electric Photo-Roentgen unit, lead glass in the Westinghouse Photofluorographic unit. 

403 



404 


Russel] H. Morgan and Ira Lewis 


M • T , October, in.- 

Striking. In the presence of the e-lass j j i 

resolution was 1.25 serrations per mill 
meter and .n its absence, t.37 Lratil 

pe mdlimeter, or a difference of lo per (4-+/r)-Iog 

f.f effect in this jr^jere /, is the intensity of the reflected 

_ stance is likel)'- due to the fact tiiat the falling on the screen. 

influence of the optical system on clarity The values of the several factors an 
-.ot reproduction is not as great in 70 mm. as Peanng in equations (i) and ('’) are de 
in 35 mm photofluorography.2 For similar Pendent on a variet)^ of factors including 
reasons the difference is also probably location of the protective glass. When 
small in 4 X5 inch photoroentgenography, screen and glass are separated a^ distance of 
The effect of protective glass on the con- - inches, photometric measurements indi- 
trast of photofluorographic images may be 
directly ascribed to reflectance. Some of the 
fluorescent light radiated by the screen is 
reflected by the glass and distributed over 
the screen surface in such a way as to pro- 
duce a fogging of the included images. The 

effect is particularly severe when the glass photofluorographed due to the high in- 
is located some distance from the screen tensity of the light emitted from the un- 
for under this circumstance the radiation is covered portions of the screen. When tliis 
more widely dispersed than when the glass datum is substituted in equations (1) and 
is in contact with the fluorescent material. the loss in contrast suffered by a low 
Furthermore, since reflection occurs at contrast fluorescent image of any bright- 

both surfaces of the glass, the reflectance ^ brightest 

is effectively twice as great when glass and significant image wjthin the chest silhouette 
screen are separated as when in contact, niay be easily calculated. This relationship 


cate that the intensity of the reflected 
radiation returning to the screen is ap- 
proximately 4 per cent of the brightest 
significant chest im.age when the subject 
under examination covers the entire screen. 
It is higher when small individuals are 


for in the latter instance light reflected at 
the surface in apposition with the screen 
merely returns to the various crystals from 
which it originated and is not distributed 
in a manner which would lead to a reduc- 
tion in contrast. 

The relationship between reflectance and 
contrast is a simple one. The contrast of a 
fluorescent image is equal to the difference 
between the logarithm of the screen bright- 
ness at the locus of the image and the 
logarithm of the screen brighpiess in the 
surrounding field. Therefore, if and Jx, 
are the screen brightnesses induced by 
roentgen radiation in the image and in the 
surround respectively, the contrast in the 
absence of reflection is 

C==log /.-log A 

Now, if extraneous light such as. that re- 
flected from a sheet of protective glass were 
to fall on the screen, the brightnesses of the 
image and of the surround would be in- 


between loss of contrast and screen bright- 
ness is illustrated graphically in Figure 2. 

It. is evident that images of low light in- 
tensity such as those of the hilar regions of 
the chest and of many parenchyma! parlio- 
logical processes* suffer a loss in contrast 
approaching 20 to 25 per cent. .Although 
this is relatively small it is nevertheless 

undesirable. _ ^ _ 

When tbc protective glass is in contact 
with the screen, the reflectance cannot l)c 
specified so easily as in the case when the 
tTvo structures are separated- Since the 
apposition of screen and glass prevents 
wide diffusion of the reflected light the re- 
flectance varies from point to point over 
the screen surface. Its nomimd v.ihio .at 
my loCTtion is 4 to .? per cent of t/ic « rcea 
iniiiiccti In- roeiitecn rsilialion 
Occasionally when a 


brightness 
at that location 
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series of small low intensity images is 
located in a bright surround the ratio of 
reflectance to image intensity rises to 
rather high levels. Since this situation oc- 
curs infrequently, however, the loss in 
contrast when glass and screen are in con- 
tact is usually not greater than 5 to 10 per 
cent. 

The increase in roentgen exposure ob- 
served when a sheet of glass is placed be- 
tween the fluorescent screen and photo- 
graphic camera is caused by a part of the 
light emitted from the screen being ab- 
sorbed or reflected by the glass and thereby 
prevented from reaching the camera. The 
effect is mainly one of absorption, only a 
small portion of the reflected light being 
lost since most of it returns to the screen 
where it is redirected toward the camera. 

In one photofluorograph that was studied 
in this laboratory it was necessary to in- 
crease the roentgen exposure S per cent* 
when lead glass 0.25 inch in thickness was 
placed between the fluorescent screen and 
photographic camera. Undoubtedly there 
are samples of such glass wliere a greater 
increase is necessary. When plate glass was 
investigated the absorption was so minimal 
that no increase in exposure was required. 

From the foregoing it is evident that the 
disadvantages of protective glass in photo- 
fluorographic equipment depend on the 
construction and t)q)e of apparatus. A 
significant loss of clarity is observed in 35 
mm. film. Loss of contrast is especially 
pronounced when the protective glass and 
screen are separated. When lead glass is em- 
ployed an increase in roentgen exposure is 
necessary to compensate for the light 
absorbed by the glass. 

The benefits derived from the use of pro- 
tective glass are, as previously pointed out, 
the prevention of damage to the fluorescent 
screen by dust and accident and, in the 
case of lead glass, the protection of the 

_ A perusal of the literature reveals a relatively wide variation 
'n the absorption data for lead glass. This situation is probably 
^ differences in the characteristics of the lead glass 

studied and failure of some workers to separate the effects of ab- 
sorption and reflectance. 


photographic lens and film magazine from 
excessive radiation exposure. In regard to 
the effect of roentgen radiation on the 
photographic lens, it is known that large 
quantities of radiation discolor the glass 
and reduce its transmission. Furthermore, 
instances have been reported® where the 
cementing materials of the lens have be- 
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Screen Brlg^itneBB per cent 

Fig. 2. Loss of contrast suffered by fluorescent 
im.'iges of various brightness levels as a result of 
reflection from a sheet of protective glass located 
2 inches in front of a photofluorograph’s fluores- 
cent screen. One hundred per cent brightness level 
corresponds to the illumination of the brightest 
significant image within the chest silhouette. Data 
are based on an average reflectance of 4 per cent 
of the 100 per cent brightness level, a value con- 
sistent with experimental observation. 

come cloudy, thereby seriously affecting 
lens performance. These effects, however, 
have been observed only under unusual 
circumstances and there is considerable 
doubt that changes would occur under 
photofluorographic conditions in the ab- 
sence of protection. 

Radiation measurements conducted in 
this laboratory on a photofluorograph from 
which the lead glass had been removed re- 
vealed that under average conditions (i.e., 
a subject 20 cm. in thickness photofluoro- 
graphed with the roentgen machine operat- 
ing at 90 kv. (peak) and 200 ma. and with 
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discoloration or clouding occurred and de- 
terminations of relative fens speed frccipro. 
cal of the exposure required to jiroducc a 
him densitv of 1.5) made during the test 
revealed no loss of transmission. In I'miire 
tiiese determinations are plottcil attainst 
the numher of equivalent exposures re- 
cei\'ed by tlie lens, one cqui\'nlent exposure 
equalling 0.001 r. In these experiments 
the quality of the roentgen radiation em- 
ployed was identical to that encountered 
in photnfluorographic practice (half-value 
!ayer=--6 mm. of nlumirunn'i. It is evjilenr t 
that protection of the photpivrajnhie Ic.ns js 
quite unnecessary. 

In regarif to the film fuagarinr, protec- 
tion is partirulnrjy imporr::-rtf vhen a roll- 
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centration. Altliougli the radon during its 
process of decay also emits beta and gam- 
ma rays, the latter produce an ionization 
density no more than one one-hundredth of 
tliat of die alplia rays. It is assumed that 
this heavy bombardment of tlie tissues by 
the alpha particles leads to increased local 
capillary blood supply followed by a com- 
plete re-epithelization of the ulcer. 

Based on such theoretical considerations, 
Uhlmann made a preparation by charging 
white or yellow petrolatum with radon in a 
concentration of about loo electrostatic 
units per gram of vaseline, i electrostatic 
unit being equal to 0.000364 millicurie- 
destroyed. This concentration is quite weak 
so diat it would take twenty times as much 
to produce an erythema in one seance. 
Since the radon decays at die rate of 16.5 
per cent of its strengdi every twenty-four 
hours it is necessary that the ointment be 
prepared fresh before use, or if applied at 
a later date, that die proper dosage calcu- 
lations be made to bring the intensity value 
up to that intended on the day of use. Ex- 
ponential decay curves similar to those 
used with ordinary radon seed therapy will 
serve a good purpose in this connection. 

The mode of application, as advocated 
by Uhlmann, is very simple. The ointment 
IS spread with a spatula over the ulcer and 
immediately covered with a piece of rubber 
dam or oilclodi to prevent evaporation of 
the radon. The covering is fastened to the 
skin widi overlapping adhesive strips. Tlie 
duration of the application is, on an aver- 
age, eight hours, after which die dressing is 
removed by the patient. The treatment is 
repeated two to ten times at weekly inter- 
■^'als, aldiough in a few of die more severe 
cases as manj'^ as twenty treatments are re- 
quired. The ulcer and surrounding skin are 
covered widi a 10 per cent boric-beryllium 
ointment in the interval between die radon 
applications. In a series of 70 cases so 
treated verv encouraging results were ob- 
tained. 

Later, Kohn-Richards" introduced a semi- 
automatic pump for the preparation of the 
tadon ointment, and made odier innova- 


469 

tions designed to increase the absorption of 
radon in vaseline or other media. 

In a further study of the subject, Uhl- 
mann and Grossman,® reviewing all die 
cases treated, found diat die radon oint- 
ment proved so satisfactory in promoting 
granulation and epidielization in irradia- 
tion ulcers diat when no healing occurred 
diey were able to postulate and ultimately 
confirm that a malignant degeneration had 
taken place. The concentration of the radon 
ointment, as already stated, is too low to 
have any effect on a malignant neoplasm. 
Therefore, such a lesion, in contradistinc- 
tion to die simple necrotic ulcer, continued 
to remain clinically active, despite die ap- 
plication of the radon ointment. So uni- 
form was diis observation, that Uhlmann 
and Grossman thought diey could use it as 
a therapeutic test in differentiating between 
late irradiation necrosis and recurrent can- 
cer. 

Recent!)' Cooper and Robertson'* have 
published their favorable experience with 
die radon impregnated vaseline ointment 
at the Brisbane General Hospital. The}'- 
have used the mediod since early in 1943 
and obtained good results in all cases ex- 
cept diose due to gross over-irradiation. 

Cooper and Robertson prepare their 
ointment by breaking up ordinary radon 
seeds, used for routine radon moulds, in a 
jar of hot vaseline. After the jar has stood 
for twenty-four hours mixing is performed 
by melting and shaking, until a uniformity 
of distribution is obtained as evidenced by 
even fluorescence in die dark. The strength 
of the ointment is determined by measuring 
the gamma-ray emission of die whole jar 
before use. 

The mode of application is along die 
same lines as diat emplo)'ed by Uhlmann. 

- Kohn-Richards, H. Semi-authomatic vacuum double chamber 
for absorption of radon in fluid media. Am. J. Roe.vtge.vol. & 
Rad Therapy, 194a, 47, 636-639. 

5 Uhlmann, E., and Grossman, A. Use of radon ointment as a 
means of diff"erentiation between radiohecrosis and recurrent 
carcinoma. Am. J. Roentgenol. & Rad. Therapy, 1942, 47, 
620-623. 

‘ Cooper, A.G.S., and Robertson, D.F. Treatment of post- 
irradiational ulcers by radon ointment. MeJ. J. Australia, 1945, 

I, 297-300. 
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The thickness of the ointment layer is im- 
material since the alpha particles have a 
range which in the vaseline amounts to 
only a fraction of a millimeter^ but a layer 
which is at least two to three millimeters 
tliick guards better against loss of the 
radon. The concentration of the ointment 
varies from 0.024 to 0.060 millicurie per 
gram of vaseline. To enhance the tissue ab- 
sorption of the ointment, the addition of 10 
per cent lanolin is very effective. It is also 
advisable, especially in the painful cases, 
to interchange during the interim periods 
the dressings of unguentum acidi borici (10 
per cent) with dressings of unguentum olei 
morrhuae with vaseline. 

Cooper and Robertson have tried appli- 
cations of from five to twenty-four hours at 
weekly and bi-weekly intervals but, like 
Uhlmann, gained the impression that an 
application of eight hours repeated once a 
week constituted the most desirable pro- 
cedure. In the case of small ulcers the func- 
tion of the ointment is to initiate healing, 
hence a very few applications are sufficient. 
In the larger ulcers weekly applications 
over a longer period of time may be neces- 
sar>^ If an ulcer is not considerably im- 
proved or reduced in size after four weeks, 
the presence of a malignant lesion is sus- 
pected. 

The experience of Cooper and Robertson 


extends to a series of 69 cases. Of these, 20 
proved to be recurrences of the original 
malignant lesion, 41 have been completely 
healed with a healthy epithelium and the 
remaining 8 have been improved to the ex- 
tent that they can no longer be suspected 
of being rnalignant. Thus, in the entire se- 
ries there is not one single case of an uncom- 
plicated irradiation ulcer which has failed 
to respond to the treatment. 

Stimulated by such splendid results, 
Cooper and Robertson also treated 15 re- 
calcitrant varicose ulcers observed in 7 
patients and 3 chronic ulcers occurring in 
scars following burns and surgery. Of the 
varicose ulcers, 9 healed promptly, S Im- 
proved and only i failed to respond. The 3 
ulcers of scars following burns and surgery 
healed completely without the addition of 
any other type of treatment. 

Obviouslj', it is too early to assess the 
permanency of these results. For the pre- 
sent, it appears that ulcers which have 
healed continue to remain healed. It is the 
opinion of Uhlmann, and of Cooper and 
Robertson that the use of radon^ impreg- 
nated vaseline ointment constitutes a 
therapeutic method full of promise, not 
only in persistent late irradiation ulcers 
but also in certain other recalcitrant ulcers 
of various etiology. 

T. Leucutia 
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Courtesy General Electric X-Ray Corp. 


GLENN W. FILES 
1897-1945 


^^lenn W. Files, director of the Tech- 
meal Sendee Department of General 
h-lec trie X-Ray Corporation since 1934, and 
an employee of the company for twenty-six 
>ears, died at the Alexian Brothers Hos- 
pital, Chicago, on September ii, I945 j at 


the age of forty-eight, following a heart at- 
tack. He resided at 2ii7-78th Ave., Elm- 
wood Park, Illinois. 

Born January 17, 1897, in Winfield, 
Kansas, Files began roentgen-ray work as 
a technician for a physician in that com- 
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inunity, later meeting and working there 
witli Dr. E. C. Jerman. In World War I, he 
was a sergeant in the Army, serving in 
France as an x-ray instructor and techni- 
cian. 

Files joined Victor X-Ray Corporation, 
predecessor of General Electric X-Ray 
Corporation, August 26, 1919, as an in- 
structor under Dr. Jerman, director of die 
Education Department, and he became 
director following Dr. Jerman ’s retirement. 

Widely acclaimed by the medical pro- 
fession for his contributions to the develop- 
ment of roentgenologic technique and in- 
straction methods, Files was the editor of 
die well known book, “Modern Radio- 
graphic Technic,” published in 1943, of 
which 1 5,000 copies have been distributed. 
Files was editor-in-chief of “X-Ray Studies 


III, published in 1935, and he assisted in 
the publication of “Modern X-Ray Tech- 
nic” in 1928, and “X-Ray Studies and Ad- 
vanced Radiographic Technic” in 1931, 
edited by Dr. Jerman. 

In addition, articles by Files appeared in 
the X-Ray Technician and the American 
Journal of Roentgenology and Radium 
Therapy, and for a time he contributed a 
column on x-ray technic to Victor News. 

He was a member of the General Electric 
X-Ray Quarter Century Club; a member 
of die American Society of X-Ray Techni- 
cians, which he helped found; a member of 
the General Electric X-Ray Post of die 
American Legion; and he belonged to the 
Lakeview Lodge of A.F. and A.M. 

He is survived by his wife, Alison, and by 
a brother Lennis of San hrancisco. 




SOCIETY PROCEEDINGS, CORRESPONDENCE 

AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


United States of America 

American Roentgen Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual meeting: 194S, canceled. 

American College of Radiology 
Secretary, Mac F. Cabal, 540 N. Michigan Ave., Chicago. 

Section on Radiology, American Medical Association 
Secretary, Dr. U. V. Portmann, Clev'eland Clinic, Cleve- 
land, Ohio. Annual meeting: 194S, canceled. 

Arkansas Radiological Society 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello. Ark. Meets every three months and also at time 
and place of State Medical Association. 

Radiological Society of North America 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1945, to be announced. 

Radiological Section, Baltimore Medical Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to M.tv. 

Section on Radiology, California Medical Association 
Secretaty, Dr. Gordon G. King, 3700 California St., San 
Francisco 18, Calif. 

Radiological Section, Connecticut Medical Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Radiology, Illinois State Medical Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, 111. 

Radiological Section, Los Angeles County Medical 
Association 

Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building? 

Radiological Section, Southern Medical Association 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooklyn Roentgen Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

Buffalo Radiological Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Chicago Roentgen Society 
fsp'ctary. Dr. F. H. Squire, 1754 W. Congress St., 
Chicago 12 , 111 . Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

Cincinnati Radiological Society 
^cretary. Dr, Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
“lay, inclusive. 

Radiological Society 

Seyetary, Dr. D. D. Brannan, 11311 Shaker Blvd., 
Cleveland 4, Ohio. Meets at 6:30 p.m. at Allerton Hotel 
onfourthMondayeachmonA,October toApril,inclusive. 

Dallas-Fort Worth Roentgen Study Club 

Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Texas. Meetings held in Dallas on odd months 
3 na in Fort Worth on even months, on third Monday, 

7:30 P.M. 

Denver Radiological Club 
^rretary,T)r. A. Page Jackson, Jr., 1612 Tremont Place, 
enver, Colo, Meets third Friday of each month at 
Denver Athletic Club. 

Secretaries of Societies not here listed are requested to s 


Detroit Roentgen Ray and Radium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida Radiological Society 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
Georgia Radiological Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
Radiological Society of Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month, 
Illinois Radiological Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, 111 . Meets three times a year. 

Indiana Roentgen Society 
Secretary, Dr. H, C. Ochsner, Methodist Hospital, In- 
dianapolis. Meets annually second Sunday in May. 

Iowa X-Ray Club 

Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medical Society. 
Special meetings by announcement. 

Kentucky Radiological Society 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 
Long Island Radiological Society 
Secretary, Dr. Marcus Wiener, i43o-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg, monthly 
on fourth Thursday, October to May, 8:30 p.m. 
Louisiana Radiological Society 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

Michigan Association of Roentgenologists 
Secretary, Dr. E, M. Shebesta, I429 David Whitney Bldg., 
Detroit. Three meetings a year. Fall, Winter, Spring. 
Milwaukee Roentgen Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

Minnesota Radiological Society 
Secretary, Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 

Nebraska Radiological Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 

New England Roentgen Ray Society 

Secretary, Dr. George Levene, Massachusetts Memorial 
HospitEils, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

New Hampshire Roentgen Ray Society 
Secretary, Dr. Richard C. Batt, Berlin, N. H, Four meet- 
ings a year. 

Radiological Society of New Jersey 

Secretary, Dr. H. R. Brindle, 501 Grand Ave., Asbury Pk. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York Roentgen Society 

Secretary, Dr. Ramsay Spillman, 115 East 6ist St., 
New York City. Meets monthly on third Monday', New 
York Academy' of Medicine, at 8:30 p.m. 

North Carolina Roentgen Ray Society 

Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 

:nd the necessary information to the Editor. 



414 


Society Proceedings, Correspondence and News Items Om 


1945 


nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

North Dakota Radiological Society 
Secretary, Dr. L, A. Nash, St. John’s Hospital, Fargo, 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C, F. Potter, 8ao S. Crouse Ave,, Syracuse, 
Three meetings a year. January, May, November. 

Ohio Radiological Society 

Secretary, Dr, Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society „ ^ t- 

Secretary, Dr, L. H. Garland. 4^0 Sutter St., San Fran- 
cisco^ Calif. Meets annually, dunng meeting of Calilornia 
Medical Association. 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pme St., Williamsport. 

Philadelphia Roentgen Ray Society 

Secretary, Dr. C. L., Stewart, 

ings first Thursday of each montL October to May, at 
at 8:00 P.M,, in Thomson Hall, College of Physicians, 
ai S, aid St, 

Pi'n'SBUROH Roentgen Societv ^ « i_* a 

Secretary, Dr. L, M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 P.M, at The Ruskin on second ^^cdnesday, 

each month, October to May inclusive. 

Rochester Roentgen Ray Society, Rochester^ N. Y, 
S^crZry, Dr. Murray P, George, Strong MemonalHos- 
dtd Meets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memonal Hospital. 

St, Louis Society of R adiologi^ s w j 

o , Tir FHwinC Ernst, Beaumont Medical duiio- 

Mi? to liurth Wednesday of each 
monl'cwept June. July, Ausust, and September, 
place designated by the president. 

Sah Dieoo Naval Hospital, Balboa 

pSS Di^o, Sf. Meeta'monthly on first Wednes- 

day .at dinner, c.,.„r-rv 

San Francisco ^^^iolocical bociETY California 

Secretary, Dr. Carlton L Ould, Unn^ersity 

SHREVEPORT^moLOGigJ^L Club Ho ital, Shreve- 

pij; September to May .nelus.ve. 

South Caroufa^^^.Su^ety Hospital, Coluinbia, 

Medical Association. - 

Texas Radiological Soeg^ Hospital, Dallas, 

Secretary^, Dr. ^sa E- Seeds^^ ,,, ,945. 

onoovSTArrMEETOO^^.^^ September to June, 

University of a° pSiV^T<» University Ave., Madi- 
^ Icretar;, Dr. E. A* ^^J^day from 4:cx>-5:oo F-M-h 

T’ '^i'llerSce M^orial Institute. 

"55iS'r£cS;rf.t"- “■ 

College Club, Seattle. 


X-RAY Study Club or San Francisco 
Secretary, Dr. J, M, Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 

Cuba 

SoCIEDAD DE RaDIOLOgIa Y FiSIOTERAPIA DE CuBA 
President, Dr, J, Manuel Viamontc, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

Britieh Empire 

British Institute of Radiology Incorporated with 
the Rontgen Society 

Medical Members’ meeting held monthly on third Friday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbcck St., 
London, W.i, 

Section of Radiology or the Royal Society or Medi- 
CINE (ConnHED TO Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wlmpole St,, \/>n- 
don, W. I. 

Faculty of Radiologists 

Secretary, Dr. M, H. Jupe, 32 Welbeck St, London, W. i 

England. _ , 

Section or Radiolocy and Medical Electricity, Aus- 

Sw/<Jry,^I^ hS Macquarie St, Sydney. 

Radiol^ical SEcnoN OF the Victorian Branch or the 
British Medical Association , u . 

Secretary Dr, Keith Hallam, St Georges Hospital, 
K.E.W.'f’Melbourne. E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive, 

Sp?™!.' of Radiology, Canadian Medical Associa^on 

Culm Antoson, luvvmwll, 

land. Meets annually. 

South America 

Secretary, Dr, ^JCtor ^cept during January, 

Peni. Mcctwgs hM Mfdica Peruana 

February and ^ ,0 

“Daniel A. Camon, 

r'rt»"rtKFKTAl» 

Dr- A- Gu»jv“ L, Ch.u. 

de Fonds. Unmnoe Dr, Scheurer, Moizgassc 

Roumama. Mceu 



every .p - AecociA'nyj»> 

hrs?«c imtimm of Rom.evuology 
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Secretaries, Drs, s. 

Ray Society 
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SECOND INTER-AMERICAN 
CONGRESS OF RADIOLOGY 

In the April, 1945, issue of the Journal 
a preliminary announcement was made of 
tlie Second Inter-American ".Congress of 
Radiolog}" which was planned at that time 
to beheld in Havana, Cuba, January 19-24 
1946. Since tliat announcement was made 
it has been decided, for a number of reasons 
that it was best to postpone tlie Congress 
and the dates now chosen are November 
17-22, 1946. A more extended notice ap- 
pears in advertising page xvii of the Sep- 
tember issue of tlie Journal. The place of 
the meeting is still to be Havana and the 
President of the Congress is Dr. Pedro L. 
Farinas. Inquiries for further information 
should be addressed to the Secretary-Gen- 
eral, Dr. R. Hernandez Beguerie, Calle 23, 
No. 41 1, Vedado, Havana, Cuba. 

REPRINTS WANTED BY 
FRENCH RADIOLOGISTS 

In a communication recent!}" received 
from Dr. Robert Coliez, Vice-President of 
the Association of French Radiologists, the 
radiologists of France send their greetings 
to their colleagues in tlie United States 
after the long years of war. Having received 
practically no scientific papers on radiology 
from tlie United States during these years, 
they are anxious tliat American radiologists 
send reprints of articles on tlie following 


subjects which have appeared since 1939: 
(i) diagnostic roentgenology; (2) roentgen 
therapy; (3) radium therapy and neutron 
therapy; (4) 'electrology ; (5) cancerology; 
also progress in apparatus and techniques, 
clinical results, and so forth, between 1939 
and 1945. Reprints should be sent to Doc- 
teur Robert Coliez, 25, Rue Franklin, Paris, 
XVI®'"®, France. 

CANCER TEACHING DAYS 

A Cancer Teaching Da}" was held in 
Middletown, New York, on September 18, 
1945, under the auspices of various county 
and state medical societies. The speakers 
on tlie program and their subjects were as 
follows: “Cancer of the Skin and Allied 
Tumors” by Dr. Earl D. Osborne, Buffalo, 
New York; “Cancer of the Uterus and 
Vagina” by Dr. Arthur J. Wallingford, 
Albany, New York; “Diagnosis and Cur- 
ability of Intraoral Cancer” by Dr. Hayes 
Martin, New York; “Cancer of the Breast” 
by Dr. Cushman D. Haagensen, New 
York; “Cancer of the Colon and Rectum” 
by Dr. George E. Binkley, New York. 

On October 9 an evening meeting was 
held in Rochester, New York, at which the 
following two papers were given: “Car- 
cinoma of the Colon” by Dr. John H. Gar- 
lock, New York; “Progress in Cancer Re- 
search” by Dr. John J. Morton, Jr., Ro- 
chester, New York. 
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and Michigan Department of Health for gen- 
eral practitioners to assist them in diagnosing 
early cancer and in determining the tj’pe of 
treatment that should be employed. It is well 
arranged. Chapters have been contributed by 
competent Michigan physicians, surgeons, ra- 
diologists, and pathologists. Clinical and lab- 
oratory diagnoses, pathology, and courses of 
cancers of most organs are described briefly but 
adequately without indulging in technical 
terminology. Surgical and radiological treat- 
ments are discussed but not in detail, because, 
as stated in the preface, “cancer therapy is a 
highly specialized matter requiring extensive 
experience — .” In addition there are chapters 
dealing with subjects of general interest about 
cancer. One on “Care of the Advanced Cancer 
Patient” and another on “Neurosurgical Relief 
of Pain” are also appropriate. Similar manuals 
have been published in several states and un- 
doubtedly have been useful, especially in mak- 
ing physicians “cancer conscious.” 

U. V. PoRTMANN 

Tuberculosis of the Ear Nose and Throat: 
Including the Larynx, the Trachea, and 
THE Bronchi, By hlervin C. Myerson, M.D., 
New York City. Cloth. Price, $5. 50. Pp. 291, 
with 88 illustrations. Springfield, Illinois: 
Charles C Thomas, 1944. 

Myerson has presented impressions which he 
has gained from the study of one thousand cases 
of tuberculous laryngitis which, in his expe- 
rience, occurs in 10 per cent of all cases of tuber- 
culosis. He has described the patholog}’’, symp- 
tomatology, diagnosis and treatment of this 
affection. At times rather didactic and lecture 
like, his story is concise. Differential diagnosis 
seems to present difficulties only seldom if one 
always keeps syphilis in mind. Treatment is 
unsatisfactory because the issue depends more 
upon the course of the almost always underly- 
ing pulmonary tuberculosis and the ability of 
the tissues to heal than upon the therapeutic 
maneuvers tried, chief of which are electric 
cautery and vocal rests. 

The chapter on nontuberculous lesions of the 
latT'nx presents the chief elements of the dif- 
ferential diagnosis. Tuberculosis of the middle 
car appears to exist more frequently than is 
commonly supposed, and is usually without 
symptoms until aural discharge or impairment 
of hearing develops. 

One is greatly surprised to read that tuber- 


culosis of the tonsils occurs in 25 per cent of 
cases of pulmonarj^ tuberculosis in this author’s 
series. This must mean, of course, that his 
were by the very nature of their referral, selec- 
tive, for the physician treating the average case 
of tuberculosis is always surprised when he sees 
this, to him, very occasional complication. The 
author has wisely advised complete examina- 
tion of the patient before tonsillectomy. 

In his discussion of tuberculosis of the bron- 
chi many a phthisiologist will take exception to 
the statement that recovery of tubercle bacilli 
from the orifice of a bronchus identifies the lobe 
containing the lesion, for many believe that any 
portion of the bronchial tree may contain tuber- 
cle bacilli at times, at least in the case with cav- 
ity. “Since atelectasis is the mechanism by 
which a local anoxemia is produced and the 
tubercle bacilli destroyed, the ulcero-granu- 
loma which occludes a bronchus must be con- 
sidered Nature’s instrument for healing a 
cavity.” Are tubercle bacilli so easily disposed 
of by nature? In several instances where the 
author has stepped out of his specialty to dis- 
cuss the dynamics of tuberculosis and collapse 
therapy he has appeared to get into deep water. 
In general, however, his discussion of bronchial 
tuberculosis and especially of contraindications 
to bronchoscopic treatment are sound, and he 
makes an unusually interesting story of the re- 
opening of a tuberculous bronchus as spontane- 
ous retrogression occurs. 

Altogether the physician not a specialist in 
conditions of the nose and throat may obtain 
helpful information by reference to this book. 

H. S. Willis 

Control of Pain in Childbirth; Anesthesia; 
Analgesia; Amnesia. By Clifford B. Lull, 
M.D., F.A.C.S., Clinical Professor of Obstet- 
rics, Jefferson Medical College; Assistant 
Director, Philadelphia Lying-In Unit, Penn- 
sylvania Hospital, and Robert A. Hingson, 
M.D., Surgeon, U. S. Public Health Service; 
Director, Post-graduate Medical Course, 
Philadelphia Lying-In Unit, Pennsylvania 
Hospital. With an Introduction by Norris W. 
Vaux, M.D., Obstetrician-in-Chief, Phila- 
delphia Lying-In Unit, Pennsylvania Hospi- 
tal. Cloth. Price,^S7.5o. Pp. 356, with 100 
illustrations in black and white and 32 sub- 
jects in color, Philadelphia: J. B. Lippincott 
Company, 1944. 

A comprehensive survey of obstetric anal- 
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BfK>ks Rfceivc.i 


gesja and raiesthesia b presented in this volunie. 
The value of the book is enhanced hy the c=.> 
authorship involving thoroueniv contpetent 
men in the two sciences concemc-d. 

The bonk opens with a concise but adequate 
consideration of the anatomy and physic^oev 
ot the pelvis pertinent to obstetric pain relic?’. 
This IS followed by a classihcatacn and discu<- 
sion of the various agents ustxi to pmvide .inab 
gesia, anesthesia, and amnesi.'i, describing their 
important characteristics. The mode of applica- 
tion of these agents is dealt with in s^>mc derail. 
Special attention h also gi^'cn to the use anti 
eff'cers of the sev'erai agents in relariftn to the 
third stage of labor, cesarean section, and the 
puerperium. The hnal section of the book deals 
with the selection and use t)f the methods of 
pain relief in the presence of maternal oomplica- 
rions, and also with their cfTects on resuscita- 
tion of the infant. 

The book makes liberal use ot illustrativuis 
and charts. Especially infonm.ative are the fig- 
ures which show graphically the effects o?‘ the 
various agents for p.iin relief upon the vital 
organs of Ixith mother and infant. 

It is a compliment to the authors th.at al- 
though they have tionc more than anyone eric 
to develop and refine caudal anakesia, tliey do 
not present if as a panacea, ih.'^ pnoredure ri 
given its rigiufu! place among the others, each 
with its own attributes and dis.adv.intagev. 

Thi.s work fills .a long felt need and sh-uld 
find readv and widespread acceptance. 

K. S. 
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cenns. Co'umlna Imversoy; 

Ha-lioh.ctcal -‘'crv'ce, Previn ter;. '.n 11 
Xcw y^kk- Cloth. Price, - IT 
-c ifun.ttari..m.. PhTdripma: j. B. 
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I0W3 With the technical assistance of G. S. 
Innes, B.Sc., A.M.I.E.E., Physicist to the 
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the lung fields. To realize this the voltage 
used for a heavier patient should not be in- 
creased but rather should be decreased in 
order that the longer wavelength radiation 
so produced might balance the flattening of 
the roentgenogram caused by greater scat- 
tering mass. The increased exposure re- 

tlip crrp.ater ab- 


T HE appearance within recent years of 
the so-called “automatic control panel” 
for high-powered roentgen-ray generators 
makes practical a change for tlie better in 
the usual method of adjusting roentgen-ray 
exposure of the chest to size of the patient. 

Heretofore it has been the custom to change tenng rdteTreator ab 

the voltage according to the thickness an ^ • j loss from lowered voltage 

type of chest but technically this is not the sorp ion ^^^ich will 

best approach because the contrast of ne of the finished roent- 

resultant roentgenograms varies even if Assuming that the basic voltage 

maximum blackening m the lung Mdsis g g enough toade- 

held constant. There ai-eAreeprinc^^^^^^^ the heaviest subjects, 

tors responsible for this change ^ variable patient absorption may best e 

(i) at the higher voltage used on a a g changing tli^e milham- 

patient, the rays generated are of sho used. Change of distance 

wavelength; (2) there is increased scatt - p for the resultant changj 

ing because of the shorter wavelength ra geometric unsharpness is undesirable. 

Nation used; and (3) there is increa ed m geomet ^ 

T rvnOCC OT liSoUC 


mg .because u. .. = etnc consid 

f 5|||=;S HSHiSSt 

and increased ^ Con- (an exposure with 

roentgenogram of le , • j. than the pulses^ should ne ^ ^sharpness is not 
versely, with a patien io.^ered kilo- variation ^ move automatic 

standard, an exposure f i„. to be desired. In ted,- 

voltage produces “ .'2° ^j-es in contrast control is ‘ ^ impulses mni' l>u 

ZTot too apparent f Adopted and changed - 4, 

tine agf if aU roent- pulses as the “„t of the quality 

Tt would be an adv g ji^cc of the results from t t-hat justifv the 

.ei ograms of the chest regardless of roenrgencgram h^t J 

and the same maximum 
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of possible movement unsharpness on a few 
of the heavier ones (at i/io second not 
more than one in five roentgenograms is apt 
to be taken during an instant when lung 
movement at any place is enough to cause 
noticeable unsharpness) than to accept 
poorer contrast quality in a considerable 
number of cases. The best way is by a 
change in milliamperage but heretofore it 
has not been possible to do this conven- 
iently and rapidly and still keep control of 
the voltage calibration; this has been es- 
pecially true with the rotating anode tubes 
used with high-powered generators for they 
do not operate above saturation potential. 
The automatic controls now make it possi- 
ble to vary milliamperage freely. 

Automatic control refers to the modern 
control board for use with a 500 ma. trans- 
former and rotating anode tube, which in- 
cludes these three features: (i) a “tech- 
nique selector” by means of which one can 
set a single control to a given “station” and 
secure a stated milliamperage; (2) an ar- 
rangement whereby roentgen tube space- 
charge is compensated so that milliamper- 
age is held constant as kilo voltage is 
changed, and (3) an arrangement whereby 
tile kilovoltage indicator reads the true 
calibration at whatever milliampere station 
may be selected. The technique selector on 
such units makes possible rapid and ac- 
curate setting of milliamperage to, usually, 
any multiple of 100 ma. up to and including 
500 ma.; it is this ease, coupled with the ac- 
curate knowledge of kilovoltage calibration 
at each station, that permits the use of mil- 
liamperage as well as kilovoltage as a varia- 
ble for routine roentgenography of the 
chest. Steps of TOO ma. are too coarse to 
allow use of milliamperage as the only vari- 
able so with present machines the finer 
control of i kv. autotransformer steps must 
still be used, but with the combination a 
positive move in the direction of holding 
contrast uniform on the roentgenograms of 
all patients can be made. 


In practice, a technique standard for the 
average range of cases can be worked out 
on the basis of 300 ma. over a scope of 
about 6 kv. For example, an 18 cm. chest 
might call for an exposure of 63 kv. and the 
voltage would be increased to 69 kv. for 21 
cm. chests. But in the next bracket where 
voltages up to 74 kv. would usually be 
called for, the selector is set at 400 ma. and 
5 kv. less voltage is given, while in the 
higher range which might ordinarily re- 
quire 75 kv. or more the selector is set at 
500 ma. and 9 kv. subtracted from the 
scale. Conversely, for thin patients, instead 
of going below 63 kv. the selector is set to 
200 ma. and 6 kv. added to what would 
have been given. Thus, except for unusual 
conditions, the films are all exposed within 
the range of 63 to 69 kv.; not much change 
in contrast could be expected from the 
change in radiation over that small a range, 
so such differences in roentgenograms as do 
occur are probably caused by the scattering 
factors of the flesh. This method has 
proved both practical and beneficial in rou- 
tine use; both milliamperes and kilovolts 
can be rapidly set at the desired combina- 
tion, and the resultant roentgenograms, 
especially of the heavier cases, are decid- 
edly improved. Identical contrast on roent- 
genograms of every type of case cannot be 
expected, for only a partial step in the nec- 
essary direction can be taken and it is to be 
anticipated that after major differences in 
contrast are compensated for the control 
of smaller changes will be more difficult as 
the influence of obscure factors becomes ef- 
fective, but because of the ease with which 
a considerable improvement can be made 
the method is worth trying. 

A 300 ma. basic technique is adequate. 
In addition to the kv-ma. combination out- 
lined above, other factors as used at Firland 
Sanatorium include: 1/20 second, 6 foot 
distance, detail type screens in bakelite 
cassettes, and development for 2f minutes 
at 70° in speed developer. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 

NECK AND CHEST 

Edwards, H. R. Tuberculosis in industry. Am. 

y. M. Sc., xA,pril, 1943, 20s, 571-581. 

The author of this study is Director of the 
Bureau of Tuberculosis, Department of Health, 
New York City. This paper is a statistical 
evaluation of the findings in the roentgeno- 
graphic examination of 15,644 union workers in 
various industries in New York City. The find- 
ings in these studies confirmed previous obser- 
vations that as a group the employed popula- 
tion invariably reveals less significant pul- 
monary tuberculosis than those employed on 
relief. It is also obvious that the prevalence of 
tuberculosis varies considerably on the basis of 
occupation but that so far as evidence is avail- 
able here there is no reason to believe that the 
occupation studied can be considered as direct 
causative agent in tuberculosis. 

There was found to be a prevalence rate of 
0.61 per cent with evidence of clinically sig- 
nificant pulmonary tuberculosis. The preva- 
lence of chronic pulmonary tuberculosis of ap- 
parent arrest was 2.9 per cent. The prevalence 
of healed primary lesions for the entire group 
was 12.43 per cent. 

Surveys of this type have been shown to be 
valuable in revealing the prevalence of chronic 
pulmonary tuberculosis and should be the basis 
for a definite program in medical care of the 
industrial employee. Such a service should pro- 
vide pre-employment as well as periodic re- 
examination. 

The handling of the pulmonary phase of such 
services requires competent clinicians trained in 
chest pathology; otherwise overemphasis may 
be placed on lesions of no importance as well as 
the reverse. If such work is properly carried out, 
there is no reason to believe that the worker will 
be unjustly discriminated against because he 
presents a pulmonary lesion. 

It is felt that the establisliment of a Tubercu- 
losis Control Program in all industries is amply 
justified. Such a program is greater than can be 
handled by the local department of health and 
Js a responsibility that should be shared jointly 


by management and organized labor. — J. J. 
McCort. 

Ehrlich, David E., Schiller, Israel A., and 
Edwards, Herbert R. Army x-ray exami- 
nation for tuberculosis. Am. Rev. Tuberc., 
Feb., 1943,4^7, 1 13-120. 

This study is based upon 114,130 roentgeno- 
graphic examinations of selective service regis- 
trants and National Guardsmen such as ex- 
amined at the /\rmy physical examination 
centers of the Southern New York District. In 
particular, the authors are interested in the 
comparative use of 14X17 inch paper films 
versus the 4X5 inch photoroentgenograms. 

They found that reclassifications occurred 
about half as frequently when restudying cases 
which had first been studied by the 14X 17 inch 
paper films, versus the 4X 5 inch films. No men- 
tion is made of stereoscopic studies with either 
of these methods. The authors are very fair in 
their explanation of the difference in their trust 
of these two methods — stating that they were 
less familiar with the miniatures. 

Taking into consideration the various bases 
for rejection because of findings in the chest, as 
stipulated in MR 1-9, the following conditions 
were identified: tuberculosis, primary and re- 
infection types, 352 cases; bronchiectasis, 57; 
pleural lesions, 21; spontaneous pneumothorax, 
13; mediastinal lymphadenopathy, I2; cysts 
and tumors, 12; pneumonias, ii; fibrosis, 8; 
pneumonoconiosis, 4; undetermined lesions, 4; 
bronchial stenosis, 2; diaphragmatic hernia, 2 
and congenital heart abnormalities, 2. Consider- 
ing all of these 1.14 per cent were rejected; i.oi 
per cent being identified as chronic pulmonary 
tuberculosis (0.38 per cent considered to be 
clinically significant). 

It is estimated by the authors that the sav- 
ings to the Federal Government, by these rejec- 
tions, amounted to approximately thirteen mil- 
lion dollars. — A. A. de Lorimier. 

Thomas, Morris C. Types of lung diseases en- 
countered in an Army camp. Am. Rev, 
Ttibejx., July, 1943, 48, 1-7. 
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Abstracts of Roentgen and Radium Literature 

'T'k I V , 

f°™d at tht ttStidn Hospital' F6rt propmio^rS 
Knox. Three groups_of personnel were con- Pat h,,. 



subsequent consolidation elsewhere) 
Pneumococci could not be found in these ca.es 
Later m the spring of 1941, a third fonn of 


•averaged over 25,000; 
non-typable pneumococci w'ere demonstrateti 
in the sputum of about half the group, and there 
was expectoration of frank blood in manv 
cases. Roentgenography repealed fairly exten- 
sive involvement — the appearance of incom- 
plete lobar consolidation. 

In the fall of 1941, a fourth type of pneu- 
monia appeared— symptoms varied from none 
to severe; roentgenography revealed extensive 
involvement in some cases where there were few 
or no symptoms; sputum was frequently mucoid 
and blood tinged; sore throats, heaclac!ie.s, 


and mental perfection), and the inductees 
(selected after the break of war, and brought 

training to uncover). ’ over ec.oe... 

All of these groups were treated alike and 
the author has been interested in noting dif- 
ferences in their disease findings. 

Spontaneous pneumothorax was encountered 
occasionally; traumatic pneumothorax, rarely. 

Bronchiectasis appeared to be more common 
than tuberculosis (possibly because it was more 
difficult to identify the former at the induction 
centers). There were many asthmatics (prob- 
ably because history of asthma did not suffice 
for exemption; witness of definite attacks being 
necessary). Hemoptysis was not taken at face anorexia were frequent; cyanosis was absent or 
value; it occurred too frequently among ma- faintly perceptible; some had no fever though 

lingerers and bronchoscopies were frequently the majority showed a fever of 102-104® I'.; 

performed — for it was “learned that a malin- respirations were normal while the pulse coin- 
gerer doesn’t relish a second bronchoscopy.” cided with the fever curve; wliite blood counts 
Three pulmonary malignancies tvere identified, were normal or there was a mild leukocytosis, 
even in this younger group (2 carcinomas and i not exceeding 15,000. Serial roentgenography 
sarcoma). Lung cysts and pneumoconiosis were revealed a tendency toward fleering involvc- 

oddities (apparently eliminated at induction ments with hilar shadows enlarged and other- 
centers), Three cases of rheumatic involvement wise slight mottling to extensive consolidations, 
of the lungs (accompanied by pericarditis and A fifth form of pneumonia was noted during 
endocarditis) occurred. There was one epidemic 1942 — ^sudden onset with extreme prostration; 
of influenza, occurring in December, 1940 (with harassing cough uncontrolled by large doses of 
no pulmonary complications). codeine; sputum blood-tinged to frank blood; 

The pneumonias accounted for the largest severe retrosternal pain; cyanoMs which 
group of major pulmonary infections, with 2 persistent and only partia iy relieved by oxy- 
deaths in two yeL. The peak of such disturb- gen; physical findmg of rate thrungl, 

Lurred L March !nd April. There ap- the lung fields, and a instant ; 

peared to be several distinct types. blood count below Looo. I be .st. ent) of .Is 

Only a small group were pneumococcic. I hese 
followed the customatw' course, except that they 
were admitted for hospital care earlier than in 
the usual civilian practice; after sulfonamide 
therapy there appeared to be very little progress 
of the pathological process m the lungs. 

In February, 194L there seemed to be a 
second form of pneumonia—havmg prodroma 
symptoms for one to five days and the pnc«- 


blood . . 

infection appeared to be proportionate to tin: 
degree of leukopenia. Convalescence was l i'Av. 
Tlierc was no respon.se fo cht-moiherapy. 
v/. //. dc fjorimicr. 

RiLAf/CE, Ar.voi.o B., and G’kkstl, Hp.vso. 
Bronchiectasis secondary to pulmonary no 
berculosis, ///«. /*r. Tulnrc., juiy, to-Cn /b 
fl-24. 

Tried with 47 tuheraihn: 

vv.is identiftd 


This rcp^irf is concci 


patients in wlio.m broncmect.asis w.is 
bv wav of broncliognipliy or iouru. at • 

In J5 of these, the diagnosis ve.r. b.i^cd up - 
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lipiodol studies alone; in 12, the bronchial dila- 
tations were demonstrated at autopsy. In 3 of 
the 35 patients, the bronchiectasis was consid- 
ered to be independent of the tuberculous 
proce-ss; in the other 32 it was thought to be the 
direct result of the tuberculosis. In the former 
group, there was the t^’pical foul sputum wirli 
clubbing of the fingers, long before any evidence 
of tuberculosis. Among tlie latter group, the 
sputum was not foul and clubbing of the fingers 
was not noted. 

The incidence of bronchiectasis in tubercu- 
losis has been variously reported; cited to be as 
often as 61 per cent of active cases. It may be 
due to bronchial stenosis, pulmonary fibrosis or 
to dilatation directly resulting from impairment 
and infection. 

The findings of 7 cases are described in detail. 
The authors are of the opinion that the bronchi- 
ectasis is usually not directly due to the abnor- 
mality of bronchial functioning; that the few 
which are so related are featured by greater 
severity of symptoms of a bronchiectatic char- 
acter. Suspicion of the presence of tuberculous 
bronchiectasis should be aroused when patients 
present the clinical symptoms of tuberculosis, 
in association with either persistently negative 
sputum or a roentgen picture which by itself 
would be interpreted as a healed tuberculous 
lesion. 

In I of the cases, the pathological studies in- 
dicated development of saccular bronchiectasis 
by way of re-epithelialization of a tuberculous 
cavity. — A, de Lorhnier. 

Ellison, Richard T., and Gershon-Cohen, J. 

“Physiological” changes in breath sounds and 

tuberculosis. Ain. Rev. Tiiherc., May, 1943? 

47 ^ 449-459, 

An effort has been made to correlate altera- 
tions in physical signs in the right apex with 
changes as shown roentgenographically and 
with tuberculin reactions. This study involved 
examination of 450 cases which were unselected 
but outpatients in a clinic (Philadelphia) for 
tuberculosis. 

Tuberculous involvement in the hilar and 
tracheobronchial lymph nodes appeared to pro- 
duce retraction of the apex, as}nTimetry of the 
musculature and subcutaneous tissues and al- 
terations in breath sounds. The primary phase 
of tuberculosis appeared to be most frequently 
responsible for these lymphatic and secondary 
changes. The atrophy of musculature and sub- 
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cutaneous tissues may be explainable on the 
basis of hypofunction, but the authors empha- 
size that hypoventilation may be the essential 
factor. — A. A. de Lorhnier. 

Leonidoff, Aleksei A. Tuberculosis in men- 
tally ill patients. Am. Rev. Tnberc., May, 

J943. 47 ^ 460-468. 

I’here is growing concern because of the 
prevalence of tuberculosis in hospitals for the 
mentally ill. At the Hudson River State Hos- 
pital at Poughkeepsie, New York, a careful 
search has been made of patients, in this regard, 
especially since 1936, Mantoux tests with PPD 
and also the ^^ollmer patch test were compared. 
The Mantoux showed the greater incidence of 
positive reaction, though the difference was not 
very great. There were shortcomings to either 
method, as far as cooperation of the patients 
was concerned. Roentgenoscopy was found to 
be unsatisfactory for several reasons: lack of 
familiarity with the procedure by many 
psychiatrists; the time required; the lack of 
cooperation of the patient, and the fact that 
this method fails to detect “a little over 5 per 
cent of pulmonary tuberculosis.” Ordinary 
physical examinations were likewise unreliable 
— as were also details of history and present 
illness. Even the matter of weight loss could 
not be considered suggestive of tuberculosis, 
since so often this was due to psychic disturb- 
ance. Sedimentation rates were studied but 
they were considered to be relatively tardy in 
their indications. Pulse rate and temperature 
studies presented confusing data. 

Finally, mass roentgenography was in- 
stituted and 752 of the 7,466 patients were 
isolated on the basis of suspicious evidence. 
Corroborative studies revealed an incidence of 
8.8 per cent of significant tuberculosis. Similar 
studies were thereafter accomplished on em- 
ployees — resulting in the identification of 
tuberculosis in 2.8 per cent. 

As a result of these revelations, certain 
policies were established: to re-examine all 
employees ever}^ four months, or more fre- 
quently; to dissuade younger persons against 
work in a tuberculosis service; to enforce 
prophylactic measures — the wearing of gowns 
and masks and observing personal hygiene; 
the giving of talks, stressing the dangers of 
tuberculosis, and urging attendants to take 
rest when ill. 

The value of roentgenography is especially 
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emphasized. It is appreciated especialiv for 
therapy subjected to shock 

Of the tuberculous patients 66.4 per cent 
were dementia praecox cases; 10.2 per cent 

Most of these were dhonotri Carcfol observation „f the lempcrn- 

tuberculosis after Eg in the “timio!. Z? “a „T'"® "" 

£ s-iSSS~ 


pig inoculations gave negative results. Durin^f 
the following fourteen months nine aspirations" 
each of 1,000 cc,, were performed. .Aspiration 
%\as done whenever dyspnea, marked thoracic 
discornfort and the physical signs of an ap.. 


quently afflicted. There were only 2 cases of 
tuberculous meningitis. Tuberculous entero- 
colitis, epididymitis, and laryngitis occurred at 
about the same frequency and with about the 
same course as among mentally normal pa- 
tients. Those patients which were the most 


ovarian enlargement. .At no time were there 
convincing signs of ascites. .At f>peration, the 
large tumor wa.s found to involve the right 
ovary, which had a narrow pedicle, 'flic left 
ovary was the sent of the sinalier tumor and 
also had a narrow pedicle, both pedicles were 
clamped and the ovarie.s removed. 

Conv'alescencc wa.s uninterrupted. The la"? 
aspiration of the chest wns done two days 
before the laparotomy, 1,100 cc. of fluid lieing 
removed with a small re.sidue remaining. 
Postoperatively the sign.s of the remaining 


cooperative seemed to get along the best. 

The results with pneumothorax were unfa- 
vorable, apparently because of non-cooperation 
of the patient. Likewise, thoracoplasty wms 
found not to be especially practical — though 
preferable to pneumothorax. 

The author recommends special study of tu- fluid appeared within a week. There has been no 
berculosis by psychiatrists. — A. dc Lorimier. recurrence of the pleural fluid. 

... - .r" T j 7'hus far there 1ms been no satisfactory 

Herwck. W. W, Tyson, I Lloyd and „f ,„,,rian 

Watson, B, P Association of hydrothorax The 

with ovarian fibroma (Meigs s syndrome). an'abnormal comimiiiiciiii.i. be- 

Arch. Int. Med., March, 194J, 7^3 d7®~37^* tween the two serou.s cavitic.s may be dismisseti 

The authors present this case in order to call since the amount of fluid in one cavity is not 

attention to the significance of the combined influenced by removal of fluid from the other, 

thoracic, abdominal and pelvic features. The That a low level of .scrum protem is concerned 

literature on this subject has been summarized seems unlikely. If accumukarioti of fluid in the 

by Meigs* under whose name the syndrome serous cavities was a re.su!t of diminution m 

is now classified. serum protein, edema of the su icutaitcou,' 



pregnancies. 

came under observation there was found to be J. McCort. 


edema of both feet, clubbing of the fingers was 
noted, there was persistent anemia of the 
secondary type, and unequivocal signs of fluid 
were found at the right base. The first thora- 
centesis produced 1,000 cc. of dear, straw- 
colored fluid. The specific gravity was 1.021. 
A stained smear of the centrifugate showed a 
moderate number of red blood cells, 10 to i; 
small mononuclears per high power field and a 
fcv.' iarce mononuclears, Xo polymorphonuclear 
leukocytes were seen nor cells conmining 
mitoses. Culture.s showed no growth, Gmnta 

• Meigs L V. I-ibrcfr,. ,:f th. cyzry. Jr.. 
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non-purulent — serous, serofibrinous or hemor- 
rhagic. Tubercle bacilli were found, by direct 
culture or by sedimentation, in all of these. 
The pleural surfaces showed a fibrinous exudate 
and loss of the normal lustre. Superficial 
tubercles were common, especially along the 
anterior surface of the lung. The posterior 
surfaces of the lung showed congestion and 
definitely fewer caseous nodules. Histological 
studies revealed tubercles in the pleura as well 
as in the subpleural zones — indicating that the 
tubercle bacilli likely gained access to the fluid 
directly. 

Clinical studies indicated that, in most 
instances, the fluid was clear in the beginning 
and that then it was very difficult to isolate the 
organisms. As the fluid became more turbid, 
positive cultures were obtained and bacilli 
were found in the sediment. Acute congestion 
of the pleura and subpleural zones was found 
in cases of hemorrhagic effusions. These 
vascular changes apparently occurred prior to 
caseation — leading the authors to believe that 
hemorrhagic effusion is probably a precursor 
to caseation. They believe that hemorrhagic 
effusion leads to pleural thickening and, there- 
after, subsidence of the congestion, and to a 
non-hemorrhagic effusion. 

In areas of caseation, the blood vessels were 
narrow (arterioles showing definite thrombi 
and some of the branches being obliterated), 
^^ith caseation, the vessels were squeezed flat 
and held empty; ischemia existed in the 
nodules resulting in liquefaction and cavity 
formation. 

Long continued effusion seemed to produce 
a diffuse fibrosis, with sclerosis of the vessels 
and a generalized ischemia of the lung. The 
fibrosis was especially marked in the periph- 
erai regions. Regardless, caseation con- 
tinued contradicting therapeutic value of 
splinting the lung by the fluid. It is suggested 
that, instead, the fluid might produce per- 
manent atelectasis, with bronchiectasis, ab- 
scess and other complications. 

t is emphasized that tubercles located in the 
anterior part of the lung show a definite 
tendency to rupture, pro'bably due to the 
greater thoracic movements in the anterior 
ciest. Though thoracocenteses may result in 
^ecreased lubrication between the moving 
°f the parietal and visceral pleurae, 
^n though such measures may lead to sinus 
omiations and secondarj" infection, the authors 


recommend repeated aspirations of the fluid. 
They use an 18 gauge curved needle and they 
suggest that secondary infection be counter- 
acted by the use of sulfadiazine. The aspiration 
should be accomplished in the posterior axillary 
line (to minimize the pain and to counteract the 
possibilities of perforating tubercles which are 
more numerous in the anterior chest). Follow- 
ing each aspiration, the patient should lie on the 
opposite size for one or two hours, thereby 
permitting the needle tract to close. — A. A. de 
Lorimier. 

SwEANV, Henry C., Levinson, Samuel A., 
and Stadnichenko, A. M. S. Tuberculous 
infection in people dying of causes other 
than tuberculosis. Am. Rev. Tiiberc., Sept., 
1943, 48, 131-173- 

The authors speak of the enigmatic status 
of knowledge relative to the source and early 
course of tuberculous infections. The object of 
their study was to reconsider the incidence of 
active tuberculous lesions in people who are 
apparently well; likewise, among ill people who 
had no recognized symptoms or the diagnosis 
of tuberculosis; to consider the mode of de- 
velopment — as correlated with age, race, sex, 
occupation or intercurrent diseases; to study 
means of identifying dangerous lesions; to 
consider the condition of the tubercle bacillus 
in one and another type of lesion and in one 
and another location of a lesion, and, finally, 
to consider the most appropriate methods of 
clinical investigation. 

The study included bacteriological, patho- 
logical, and roentgenological aspects pertain- 
ing to 300 patients who had died of conditions 
other than tuberculosis but who were found to 
have lesions in the lungs or related lymph 
nodes. 

Of these, 84.7 per cent were found to have 
calcifications believed to be associated with 
tubercles; of this group many had lesions which 
were too small for satisfactory study but 
dissection was accomplished of dense lesions 
removed from 70.7 per cent of the 300 patients. 
Of these 2.4 per cent had a history or clinical 
findings of tuberculosis, but no tubercle bacilli 
were ever demonstrated during life (gross and 
microscopical evidence was found in 1.9 per 
cent). 

Seventy-five per cent of the lesions which 
were dissected appeared to be of the primary- 
phase; 23.6 per cent, the reinfection phase; 
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origin. Fifteen of these cases showed cavitation 
and, of these, I2 had positive sputa — though 
only I showed evidence of bronchogenic spread. 
Otherwise, serial studies indicated a general 
tendency for hematogenous progression rather 
than bronchogenic spread among the group 
having extrapulmonary lesions. This was quite 
in contrast to the findings among the loo cases 
of strictly pulmonary lesions — where progres- 
sion appeared to be by bronchogenic spread. — 
A. A. de Lorimier. 

Lintz, Robert M. Spontaneous mediastinal 
emphysema. Arch. Int. Med., Feb., 1943, 
77, 256-261. 

At the time this paper was written the 
author had found in the literature only 13 
instances of this syndrome occurring spon- 
taneously. Because of the ease with which the 
diagnosis is made and because of the impor- 
tance of differentiating spontaneous medias- 
tinal emphysema from various vascular ac- 
cidents, it was deemed advisable to report this 
case. 

The patient was a twenty-two year old 
autumobile mechanic. He was admitted to the 
hospital complaining of severe pain of one hour 
duration in the chest on the left side. At the 
time the pain appeared he was sitting quietly 
in a chair reading a newspaper and stated that 
he had not done any strenuous work that day. 
On physical examination there was a definite 
area of subcutaneous emphysema over the 
lower portion of the anterior wall of the chest 
on the left side. Anteriorly from the left costal 
margin to the third rib ‘boiler-like’ sounds of 
loud intensity were heard; extending into the 
axilla finer crackling sounds were audible. 
These ‘boiler-like’ sounds might be compared to 
the noise that one hears when crumpling a hand 
full of cellophane close to the ear, and could be 
heard distinctly several feet from the patient’s 
chest. By the following morning, eighteen hours 
after admission, all that could be heard were a 
few crackling sounds over the precordium, 
appearing only during diastole and heard best 
with the patient lying on his left side. 

The patient felt fine and because he had not 
had any pain or discomfort since the previous 
evening insisted on going home. 

A roentgenogram of the chest taken at the 
time of admission showed a small pneumo- 
tliorax at the apex of the left lung. Other 
roentgenograms were taken in an effort to 
discover air in the mediastinum but none could 
be made out. — y. J. McCort. 
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Adcock, John D. Spontaneous interstitial 
emphysema of the lung: with mediastinal, 
retroperitoneal and subcutaneous emphy- 
sema. Arch. Int. Med., May, 1943, 71, 650- 
657. 

A case of spontaneous interstitial emphy- 
sema of the lung with extension of air into the 
retroperitoneal and subcutaneous tissues is 
reported. This occurred in a sixty-two year old 
white man who was undergoing fever therapy 
for central nervous system syphilis. The first 
change to be noted was a widespread sub- 
cutaneous emphysema. At no time did the 
patient complain of pain and this is thought to 
have been due to the ease of escape of the air 
from the mediastinum, which prevented the 
development of high mediastinal pressure. 

A roentgenogram showed evidence of medias- 
tinal air. There was a small density at the base 
of the left lung which was interpreted as an 
area of atelectasis. Just above this there was an 
area of greater penetration which suggested a 
small area of lung containing a larger than 
normal amount of air. A small amount of 
subcutaneous emphysema could be seen in the 
neck. A roentgenogram was obtained during 
expiration to make certain that a small pneu- 
mothorax was not overlooked and none could 
be demonstrated. A roentgenogram of the 
abdomen showed a striking amount of free 
subperitoneal emphysema. The small area of 
transient atelectasis was apparently responsible 
for the development of the interstitial emphy- 
sema of the lung in this instance. It was possible 
to locate clinically the site of escape of air from 
the alveoli into the perivascular and inter- 
stitial tissues of the lung. 

The signs rapidly disappeared and eight days 
later nothing abnormal could be detected on 
examination of the patient. Another roentgeno- 
gram of the chest at this time showed a return 
to normal with complete disappearance of the 
small area of density at the base of the left lung 
and the area of emphvsema above it. — T. 7 . 
McCort. 

Huang, Chia-Ssu. Tuberculous tracheobron- 
chitis. Am. Rev. Tuberc., May, 1943, 47, 
500-508. 

One hundred and fifteen cases of active 
pulmonary tuberculosis which were autopsied 
at the University of Michigan Hospital from 
July, 1936 to December, 194I, were analyzed 
with respect to lesions in the larynx, trachea 
and bronchi. Lesions were found in one or 
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another of these passages in 50.4 per cent of the 
group; 42,-7 per cent showed tracheobronchial 
tuberculosis. 

The incidence of tuberculosis of the larynx, 
trachea, and bronchi, with open cavities, was 
three times as high as that without them. Less 
than half of the group which showed no extra- 
pulmonary tuberculosis showed these lesions 
while practically half of those with extra- 
pulmonary lesions showed them. Of the latter, 
intestinal tuberculosis was the most common 
type. Only i case out of 7 having negative 
sputa showed these lesions. 

Histopathologically, the lesions were differ- 
entiated as ulcerated or as non-ulcerated 
(discrete submucosal tubercles or diffuse tuber- 
culous granulation). About two-thirds of the 

lesions were ulcerated. 

The author believes that tuberculous tra- 
cheobronchitis is, in most cases, brought about 
by the direct invasion of the mucous merribrane 
or mucous glands by tubercle bacilli directly 
from the cavernous lesions in the lungs. A. A. 
de Lorimier. 


Bobrowitz, L D. The round pulmonary 
tuberculous focus. Am. Rev. Tuben., i'lay, 
I943}^75 47^"483- _ 

The author has been interested m round 
foci,”- “solitary foci” or “circular lesions as 
found in a series of 55 tuberculous patients. 
These lesions were reviewed roentgenograph - 

found in the in- 
fraclavicular region and within the area o t ie 
first anterior intercostal space n on y 4 

infiltration, in the ^^hers. Likewise 7 ° pe 

%TfLrr;of‘po:i^t 'findings). In 

'\he histTLcribed a cavity at a site 

' ’rhe ^nd focus was identified and m 
where the rou p t m 

3 patient , thorax lungs (where the 

re-expanded pne instituted because 

pneumothorax had ^b round 

of cavitation). In 3 previously 

foci developed m J ^ parenchymal 

.Here had been “J^'Sns gradually, con- 
changes. All of tnese 

tracted, element and a suspicious 

mediary stage of enlargement 

area of clearing. 


In 7 of the patients, tiie round foci developed 
with spontaneous closure of cavities (which had 
persisted for seven months as an average). All 
but I of these patients had positive sputum. 

The author attributes the development of 
most round foci to obliterative phenomena 
concerned with cavitations. Though he con- 
siders these lesions to be relatively benign, he 
cites the warning that they may produce 
cavitation and that they must be carefully 
watched. — A. A. de Lorimier. 


Bogen, Emil, and Rogers, Arthur. The 
scaphoid scapula in tuberculosis. Am. Rev. 
Tuberc., March, 19433 47 ■> 3 ° 3 “ 3 ° 7 - 

The configuration of the vertebral border 
of the scapula has been evaluated with respect 
to 100 patients at the Olive View Sanatoriui-n 
(California), by physical examination and by 
routine roentgen studies. The authors found 
definite predominance of a straight or a 
concave border among these patients. Only 
23 per cent showed a convex bolder. 

They call attention to the conclusions 
described by Graves— that the straight or the 
concave configuration of the vertebral border 
of the scapula is found mainly 
dividuals who are poorly 

vulnerable, and unduly susceptible to dis^" ^ 
they being the constitutionally inferior and tl 
short-lived individuals of the race. _ 

Graves had described a progressive increase 

i„ the incidence of 

T;t;;eTrtrnLc 4 roTwhereas ,hy the 

eight decade only 
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names as jagziekte, epizootic adenomatosisj 
pulmonary adenomatosis and infectious ade- 
nomatosis. Very similar and probably identical 
conditions haye been reported under the titles 
of verminous pneumonia and Montana pro- 
gressiye pneumonia of sheep. A considerable 
incidence has been found in areas as widely 
separated as South Africa, Saxony, England, 
Iceland and Montana. 

A case of pulmonary adenomatosis in man 
resembling somewhat the disease of jagziekte 
•as found in sheep is presented. Roentgen 
examinarion of the chest showed some soft 
\ patchy iiiottling throughout the left middle 
Vand lover lung fields, although no large areas 
Vaf consolidation were seen. On the right there 
Was a great deal of soft opacity, almost com- 
Wetely obscuring the aerated lung except for 
sane air in the apex and peripherally at the 
base. The patient died and an autopsy was 
performed. When the chest was opened the 
right lung was quite heavy and felt firm; it 
was subcrepitant and full of irregular nodules 
beneath the pleura. The cut surface was in 
most areas pinkish-yellow, smooth and meaty 
in appearance with fine strands of gray-white 
tissue separating great numbers of closely 
packed round and polygonal nodules of a few 
millimeters to several centimeters in diameter. 
The left lung showed similar but mucli less ex- 
tensive nodularity beneath a perfectly smooth 
pleura and was generally subcrepitant to 
crepitant. The trachea and bronchi were filled 
with a frothy, brownish fluid and their mucosa 
v'as somev'hat injected. 

On microscopic study the nodules seen 
grossly seemed to be formed by portions of 
lung tissue which contained their normal 
alveolar skeleton. The normal alveolar epithe- 
lium had been replaced by high cuboidal and 
columnar cells. Generally the alveoli were 
lined by only a single layer of cells; in one or 
tv'o isolated spots there seemed to be a slight 
anaplastic tendency with the formation of 
tiny nests of polyhedral cells vfithin an alveolar 
lumen. The epithelial cells themselves pos- 
sessed a granular cytoplasm, staining mod- 
erately heavy vfith eosin and a large vesic- 
ular micleus usually located just below the 
middle of the cells but occasionally at either 
ad. 

Current opinion suggests that jagziekte is an 
infectious disease possibly of virus origin. A 
few similar human cases have been previously 
reported, so that it would seem that multiple. 


bilateral pulmonary adenomas may occasion- 
ally develop in man resembling morphologically 
those found in the ovine disease mentioned. 
While the evidence to support it is slight, 
- there must be considered the possibility that 
this lesion as seen in sheep possesses neoplastic 
characteristics as well as transmissibility. The 
identity of the condition found in man with 
that found in sheep is not established by 
available evidence but further investigation 
seems indicated when opportunity presents. — 
y. y. McCort. 

ROENTGEN AND RADIUM THERAPY 

Maixo, Charles R., and Mussev, Robert D. 

Carcinoma of the cervix coincident with 

pregnancy. A^n. J. Obst. & Gyvec., Feb., 

I944> 47 ^ 229-^44- 

A study of 3,570 cases of carcinoma of the 
cervix observed at the Mayo Clinic in approxi- 
mately thirty-two years revealed that preg- 
nancy was present in 26, or 0.7 per cent, of 
these cases v'hen the carcinoma was found. The 
following statements are included in a summary 
of the study of these 26 patients. 

1. The average age of the patients in the 26 
cases in which carcinoma of the cervix was co- 
incident with pregnancy vms 32 years. The 
youngest patient was twenty-five years of age 
and the oldest patient was forty-one years of 
age. The prognosis was no worse in the case 
of young patients than it was in cases in which 
the patients were older. 

2. The average number of previous preg- 
nancies was 6 and the average number of chil- 
dren was 4. The number of pregnancies appar- 
ently did not affect the prognosis. In cases 
in which the carcinoma was diagnosed in the 
later months of pregnancy, the lesion usual- 
ly was well advanced and the prognosis was 
poor. 

3. Pregnancy may occur after carcinoma of 
the cervix has developed. A family history of 
carcinoma was elicited in 7, or 35 per cent, of 
the 20 cases which were observed five or more 
years prior to 1941. The prognosis in these 7 
cases was better than the prognosis in the re- 
maining cases. 

4. Bleeding was the initial symptom in 23, 
or 88.5 per cent, of the cases. In 25 per cent 
of the cases, the patients did not realize that 
they were pregnant when the diagnosis was 
made. 

5. No definite conclusions can be drawn con- 
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cerning the relative value of radiation therapy: 
however, it appears that operation is preferable 
in cases in which the lesion is operable and that 
supplementary irradiation increases the per- 
centage of good results. This is in contrast to 
the relative value of radiation therapy and 
hysterectomy in cases of carcinoma of the cer- 
vix in which the patients are not pregnant. 

6. The authors are in general agreement with 
Strauss concerning treatment of carcinoma of 
the cervix coincident with pregnancy. If the 
extent of the lesion permits operation and if the 
fetus is not yet viable, total hysterectomy is fol- 
lowed by irradiation; if the lesion is operable 
and the fetus is viable, cesarean section is fol- 
lowed by panhysterectomy and postoperative 
irradiation. 

7. In cases in which the lesion is non-operable 
and the fetus is viable, cesarean section is fol- 
lowed by irradiation; in cases in which the 
lesion is nonoperable and the fetus is not yet 
viable, sufficient irradiation is employed to 
treat the lesion; incidentally, abortion occurs. 

8. In cases in which the lesion is operable, 
total abdominal hysterectomy has produced 
the best results. In 57 per cent of the cases in 
which this procedure was employed, the pa- 
tients were free of recurrence five years after 
the operation. 

9. In this series of cases of carcinoma of the 
cervix coincident with pregnancy, many of 
which were observed before the present meth- 
ods of treatment were developed, the prognosis 
appeared to be at least as favorable as the prog- 
nosis of carcinoma of cervix that is not associ- 
ated with pregnancy. Of the 20 patients who 
were followed, 30 per cent were free of recur- 
rence five or more years after they had been 
treated at the Clinic . — Mnry Frances Vastine. 


October, 1945 

plished so far. Further work is being done in an 
attempt to perfect the method.— yi/z/fl'/rv G 
Morgan. ' 


Sandler, Bernard. A preliminary note on the 
planning of combined radiotherapy of carci- 
noma cervix uteri. Brit. y. Radiol., Nov., 
I943j 331-337- 

Charts and diagrams are given of a proposed 
method for combining roentgen and rachum 
irradiation in the treatment of carcinoma of the 
cervix. An attempt is being made to develop a 
routine procedure. These preliminary investiga- 
tions are only a first step towards a practicable 
solution of the problem of acatratc radiother- 
apy in the pelvis. It is not yet ready for use as 
a routine procedure but a study of the charts 
and diagrams will show what has been accom- 


Bmnev, Charles A., and Howson, John Y. 
Carcinoma of the cervix, end results. Am. J. 
Obst. & Gynec., April, 1944^ 506-513. 

This report, based on the histories of 5S0 
patients suffering from carcinoma of the cervix, 
demonstrates the value of high voltage roent- 
gen therapy in the treatment of this disease. 
The importance of the later observations is en- 
hanced by comparing these results with those 
of an earlier report concerning 437 patients; a 
grand total of 1,017 women suffering from 
cancer of the cervix, who died on the radiologic 
service of the Philadelphia General Hospital 
since 1922. Stage iv lesions, treated with ex- 
ternal irradiation of high voltage roentgen 
therapy alone, lived longer than those treated 
with lightly filtered radium alone. The best re- 
sults, however, were secured in the group, who, 
after regression of the primary lesion had been 
brought about by preliminary high voltage 
roentgen therapy, were subsequently treated 
with heavily filtered radon at a distance of 1 
cm. Since this fact became apparent, it has be- 
come the authors’ policy to administer external 
high voltage roentgen therapy preliminary to 
the radon application in every case of carci- 
noma of the cervix. The longer duration of life 
in patients in the recent series who were treated 
with high voltage roentgen therapy, regardless 
of the stage of the disease, can probably be 
attributed to the fact that these were given 
more adequate dosage than those of the earlier 
study. 

Sinmnary 

j. When the general condition of the patient 
permits, every case of carcinoma of the cervix 
should be treated with some form of radiation 
therapy. 

2. External high voltage roentgen thcrajiy is 
always beneficial and safe for even the most 

advanced stages of the disease. 

3. In many apparently advanced lesions, 
preliminary roentgen therapy will result in .suf- 
ficient regression of the lesion that radon in.ij 
be subsequently applied to great adyanrage. 

4. Heavily filtered radon applied at a dy- 
tance of I cm. results in better judbation than 


tance 01 I cm. / 

the highly filtered n,dm. '“'tea epp 

Hy t.hscrving the th.rat.mi nf hie .D i r ‘ 
„,4ion to -service in ,.:.tienlt, tvho ined 
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tus necessary is a common centimeter ruler, 
rile method of making the measurement and 
the working out of the geometrical equation 
for the figure are given.—z/Wn^ G. Morgan. 

Lea, D. E. 1 he spatial distribution of ioniza- 
tion in irradiated tissue and its relation to 
biological effects. Brit. J. Radiol., Nov., 
1943, 338-339- 

Experiments in the production of chromo- 
some aberrations in irradiated microspores of 
Tradescanha are described which seem to show 
that the spatial distribution of ionization in ir- 
radiated tissue is definitely related to biological 
effects. A curve of anticipated efficiency (for 
equal ionization in tissue) of roentgen-ray 
wavelengths ranging from i to 10 A has been 
constructed. The predictions based on these 
calculations were tested by making irradiations 
at wavelengths 0.15, 1.5, 4.1 and and 8.3 A. 
The agreement obtained was satisfactory. 

This type of action is a direct action of irra- 
diation and must not be confused with the in- 
direct type in which the radiation ionizes some 
common cell constituent, probably water, ac- 
tivating the water, and the activated water 
then produces the biological effect. The spatial 
distribution of ionization is best understood in 
the direct type of action. — Audrey G. Morgan. 

Goldmanx, Carl H. Tomographic attachment 
suitable for most x-ray plants. 5 ;vV. J. Ra- 
diol., Nov., 1943, 16, 355-356. 

Deep-seated abscesses which are hard to 
locate are common among soldiers in tropical 
Africa. The special tomographic equipment 
cannot be used in military hospitals. Twining 
and Bush have designed tomographic attach- 
ments which, however, have the disadvantage 
that they must be used with the patient lying 
down and also that there is a rigid combination 
between the Potter-Bucky diaphragm and the 
tomographic movement levers. 

The author describes and illustrates an ap- 
paratus by means of which tomography can be 
carried out with almost any existing roentgen- 
ray apparatus with the patient in either the 
horizontal or vertical position, and with or 
without a mobile or stationary grid. It is sim- 
ple in structure, cheap, small in size and light 
in weight. \Vhile the results are not, of course, 
equal to those of the special tomographic equip- 
ment, they compare favorably with those ob- 
tained by the Twining and Bush attachments. 

It has been used successfully for localizing deep 
pulmonary and liver abscesses, encysted effu- 
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sions and for the localization of nonmetallic 
foreign bodies. I here is a small depth gauge for 
determining accuracy of depth.— //rtr/ro- G. 
Morgan. 

Neitleshii*, a. Tissue changes produced in 

C3M mice by 50 r whole body exposure. 

Radiology, Jan., 1944, A 64-70. 

Little attention has been paid to the effects 
of small doses of roentgen rays, d'he author 
therefore irradiated C3H mice from an inbred 
colony with 50 r applied to the whole body and 
studied the effects. The effects on the blood 
picture are shown by curves and photomicro- 
graphs of the effects on the tissues are repro- 
duced. 'I’he blood showed a transitory leukocy- 
tosis followed after eight to twelve hours by a 
mild but persistent lymphopenia. The tissue 
cells showed swelling and eosinophilic staining 
of the cell cytoplasm with decreased staining 
of the nuclei; later slight hyperchromia of the 
cell and nucleus with final return to normal. 
There was destruction of cells in the lymph 
node follicles followed by a slight hyperplasia. 
Changes in the bone marrow were less pro- 
nounced and occurred later than those in the 
lymph nodes. There was edema of the mucosa 
of the lower ileum. There was destruction of 
spermatogenic cells and a reduced rate of mi- 
tosis with slow return to normal. 

As these changes are only slight they may 
be regarded as threshold effects of irradiation. 
The different effects appeared at different times 
and lasted for varying periods. The damage suf- 
fered was mild and there was an early return 
to normal. 

It is evident that definite changes are caused 
by doses as low as 50 r applied to the whole 
body of the mouse. A lymphocyte count of the 
peripheral blood will show threshold tissue 
damage due to irradiation when a leukocyte or 
neutrophil count fails to show it. 

In the discussion Dr. Elenshaw called atten- 
tion to the fact that a dosage of 50 r may easily 
be received by roentgen-ray workers and that 
the cumulative effect of such doses may cause 
serious injury. — Audrey G. Morgan. 

Hilding, a. C. The role of ciliary action in 
production of pulmonary atelectasis, vacuum 
in the paranasal sinuses, and in otitis media. 
Ann. OtoL, Rhin. c? Laryng., Dec., i 943 > A 
816-833. 

In the article, the author describes the experi- 
ments which he performed, some at the uni- 
versity of Wisconsin in the Department ot 
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Pathology and others in the Institute of Exper- 
imental Medicine. He includes the following 
obser\’’ations in the summary: 

I. The steps in the development of post- 
operative pulmonary atelectasis are about as 
follows: 

a. An excess of secretion is formed within 
the affected lobe. 

b. A succession of occluding masses, or pis- 
tons, of mucus form across the lumina of 
the air passages. 

c. These “pistons” move up the cylindrical 
air passages by ciliary action, each carry- 
in a quantity of air. 

d. As soon as the pressure within the lobe 
begins to fall, it shrinks by its own elas- 
ticity and from pressure by adjacent 
lobes. 

e. The adjacent lobes carried by the force of 
inspired air move into the space relin- 
quished by the affected one. 

f. The advancing pistons rupture serially as 
they reach tubes of greater diameter and 
meet more forceful changes of air pressure. 
Each then releases the bubble of air which 
it carried and continues on its course as a 
mural mass of film. 

g. A negative pressure of considerable pro- 
portion is produced within the lobe when 
the supply of air is exhausted. 

h. The masses of secretion then present in 
the air passages come to a standstill when 
cilia can no longer advance them against 
atmospheric pressure. 

i. The cilia continue to remove secretion 
from these “stalled” masses in thin films 
and might eventually remove them en- 
tirely if they were not replaced by con- 
tinued secretion. 

1. Negative pressure can be produced within 
a normal sinus by the introduction of a quan- 
tity of mucus which replaces a portion of the 
contained air. When sufficient mucus has 
reached the ostium by ciliary action to com- 
pletely fill it so that incoming air cannot pass 
by, negative pressure develops in the sinus. The 
pressure falls as the mucous mass is progres- 
sively dragged and pushed through the ostium. 
When the effective power of the cilia is equalled 
by the difference between atmospheric pres- 
sure and the pressure within the sinus, the mass 
ceases to advance and the pressure ceases to 
tall. The cilia continue to act and remove the 
mucus in thin films. When sufficient mucus 
has been removed, atmospheric pressure forces 
air through the ostium into the sinus again. 


Negative pressure almost certainly develops 
clinically in sinuses when they are more or less 
filled with mucus and when their cilia are 
active. 

3. The negative pressure, which is known 
to occur within the middle ear, is probably due 
to the force of ciliary action moving mucus 
down the eustachian tube. — Mary Frances 
Vastine. 

Burrows, Harold, and Clarkson, J. R. The 
role of inflammation in the induction of can- 
cer by X rays. Brit. J. Radiol.^ Dec., 1943, -^< 5 , 
381-382. 

Early in this century cancer developed on the 
hands of many radiologists and technicians. 
This led to a study of the factors that might 
help in the production of such cancerous 
growths. The authors describe experiments 
made on rabbits to determine whether inflam- 
mation played any part in the causation of 
such tumors. They produced inflammation in 
the groins of 18 rabbits and gave them a single 
irradiation of 600 or 2,000 r. Sarcoma devel- 
oped at the site of irradiation in 13 of these 18 
rabbits. Only those rabbits which survived ir- 
radiation for as long as twenty-two months are 
considered. Twelve rabbits were irradiated 
with the same doses without any preceding in- 
flammation; tumor did not develop at the site 
of the irradiation in any of these animals nor 
in any of those that were irradiated with a dose 
of only 250 r. Nine guinea pigs were similarly 
irradiated and cancer did not develop in any 
of them, no matter whether they had previous 
inflammation or not. — Audrey G. Morgan. 

Mitchell, J. S. Metabolic effects of thera- 
peutic doses of X and gamma radiations. 
Brit. J. Radiol, Nov., 1943, 16, 339-343- 

Experiments are described and the results 
summarized which show that significant dis- 
turbances of both carbohydrate and nucleic 
acid metabolism are produced by therapeutic 
doses of roentgen and radium irradiation, prob- 
ably by means of inactivation of enzymes. 
Tables showing the detectable effects of roent- 
gen and radium irradiation are given. — Audrey 
G. Morgan. 

Fle.ming, j. a. C. Investigations into the de- 
gree of scattered radiation received by x-ray 
workers during routine diagnostic examina- 
tions in a military hospital department. 
Brit. J. Radiol, Dec., 1943, 16, 36']-2lo. 

If an operator does not expose himself to 
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the direct beam from a roentgen tube, the 
chief source of radiation to which he is exposed 
is scattered radiation from the body or part of 
the patient through which the roentgen-ray 
beam is passing. With a view to determining 
the amount of such radiation, experiments were 
carried out at a military hospital, the measure- 
ments being made with a Hammer dosimeter 
with a special ionization chamber which has 
been described before. 

The measurements showed that under normal 
working conditions a roentgenographer unpro- 
tected by any lead screen or other protective 
device can safely stand at a distance of feet 
or more from the center of the field of irradia- 
tion in the patient; at this distance he will not 
receive an overdose of scattered radiation from 
the body of the patient. When roentgenograms 
are taken during fluoroscopic examination the 
operator should stand about 5 feet from the 
center of the field of irradiation while the 
roentgenograms are actually being made. This 
is not necessary if the greater part of the body 
of the operator is protected by a lead screen or 
apron. — Audrey G. Morgan. 

Ungar, E. M. Efficiency of radiation and 

homogeneity. Brit. J. Radiol., Dec,, 1943, j6, 

376-380. 

Since the introduction of radiotherapy there 
has been a constant effort to improve the thera- 
peutic effects of irradiation of deep tumors. 
Mayneord and Happey have suggested rules 
for applying the integral dose throughout the 
tumor irradiated. It has been found that homo- 
geneity of the tumor dose throughout the tumor 
is desirable for in this way the required mini- 
mum tumor dose can be applied throughout the 
growth. If the fields used are too large and a 
homogeneous dose is given throughout the 
tumor the integral dose will be too high. If the 
size of the fields is reduced and their shapes 
adapted so as to cover the tumor adequately 
and homogeneity is achiev'ed it leads to great 
economies in the integral dose. The reduction 
of field size is limited by the fact that every 
single field should cover the whole tumor vol- 
ume and by the degree of accuracy possible in 
estimating the size and location of the malig- 
nant growth; that is, the less precise the knowl- 
edge of its extent, the larger the fields must be 
in proportion to the size of the tumor. Diagrams 
and formulae used in the working out ot these 
propositions are given and also diagrams of a 


case of carcinoma of the cardia illustrating the 
effect homogeneity has on economy of irradi- 
ation in practice. — Audrey G. Morgan. 

Roberts, J. E., and Farmer, F. T. An x-ray 
output meter. Brit. J. Radiol., Nov., 1943, 
353 - 354 * 

The technique of measuring a beam of roent- 
gen rays at the opening of the tube has been 
utilized in some therapy equipments but these 
instruments have, as a rule, been quite delicate 
and have not proved as reliable as necessary for 
clinical work. An instrument is described which 
seems to meet all requirements at a minimum 
of cost and equipment. 

The basis of the instrument is an ionization 
chamber fitted into the tube aperture through 
which the rays pass. The current through the 
chamber, when saturation is maintained in it, 
is then a measure of the intensity of the beam. 
A simple robust valve voltmeter system is used. 
The circuit is illustrated and the ionization 
chamber and the temperature compensation 
system described in detail. For reference pur- 
poses this instrument is called the M, H. x-ray 
output meter, — Audrey G. Morgan. 

Williams, Marvin M. D. Recovery of radium 
tubes from sewer. Radiology, Nov., 1943, 41, 
478-482. 

Three small tubes of radium each containing 
approximately 50 mg. radium sealed inside a 
glass tube which was in turn sealed inside a 
tube of monel metal were removed from a pa- 
tient and misplaced. Their loss was not dis- 
covered until an hour later. The hospital rooms 
and grounds were checked with a portable 
Geiger-Miiller counter and then the hospital 
and city sewers checked. The tubes were not 
found and then sewer scrapers which are il- 
lustrated were used. Finally a wadded-up 
truck tire chain was dragged through the sewer 
and one of the tubes found six weeks after their 
loss. The sewer scraper was then pulled through 
the same section of sewer and the second tube 
located. But the third could not be found. An 
electrometer was then used and the approxi- 
mate position of the third tube determined and 
it was then removed with a smaller scraper. 
There was a deposit that looked like coal-dust 
in this section of the sewer that had caught the 
tube and prevented its being removed by the 
larger scraper. 

Other possible methods of locating radium in 
sewers are discussed. — Audrey G. Morgan. 
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ROENTGENOGRAPHIC INTERPRETATION OF ACUTE 
HEMATOGENOUS OSTEOMYELITIS 
TREATED WITH PENICILLIN* 


By W. A. ALTEMEIER, M.D., and 
H. G. REINECKE, M.D. 

CINCINNATI, OHIO 


T)ENICILLIN has revolutionized the 
management of acute hematogenous 
osteomyelitis.^ The spectacular control of 
the bacteriemla, the bony infection, and the 
metastatic visceral infectious complications 
has produced a radical reduction in mor- 
bidity as well as mortality. This control 
of the infection has been so effective that 
emergency surgical decompression of the 
area of involved bone has not become 
necessary except in fulminating cases. In- 
stead, the required surgery has usually 
been limited to incisions and drainage of 
abscesses developing in soft tissues and to 
the removal of selected large and unab- 
sorbed sequestra. The disfiguring sequelae 
such as deformity, limp, draining sinuses, 
or ankylosis of adjacent joints have been 
largely eliminated. Likewise, a careful 
study of the cases treated with penicillin 
has forced us to modify our earlier con- 
ceptions and interpretations of the roent- 
genographic changes occurring in acute 
hematogenous osteomyelitis. 


MATERIAL 

During the past twenty-seven months 
we have observed the results of treatment 
with penicillin in 52 cases of acute hematog- 
enous osteomyelitis. The group included 
44 cases of acute hematogenous osteo- 
myelitis of the major long bones, some of 
which also had involvement of the flat 
bones of the pelvis. In addition, there were 
4 cases with involvement of the pelvic 
bones only. The responsible etiologic agent 
was determined in every instance but 4, 
and was found to be the hemolytic Staphy- 
lococcus aureus in 42 cases, the non- 
hemolytic Staphylococcus albus in 3, the 
hemolytic streptococcus in one, and the 
pneumococcus type iii in one. 

METHOD 

All of the cases were treated primarily 
with penicillin although 28 of the patients 
had received a limited amount of sulfona- 
mide therapy before penicillin was started. 
In 9 of these, penicillin and sulfadiazine 
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were given concurrently. Many of the early 
cases received less than 800,000 units and 
the results were usually very good. Ex- 
perience, however, has shown*- that a total 
dose of 1,500,000 or more units admin- 
istered Over a period of appioximately three 
or more weeks is a desirable dosage. The 
penicillin was usually administered in- 
travenously or intramuscularly in amounts 
of 15,000 to 25,000 units at intervals of 
three hours. In some instances, it was 
administered by continuous intravenous 
drip when 30,000 to 80,000 units in 2,000 
cc. of physiological saline solution were 
administered at a rate of 25 to 30 drops per 
minute. The dose was reduced when it was 
apparent that the infection was well con- 
trolled. Surgery was withheld whenever 
possible and was usually limited to incision 
and drainage of large abscesses developing 
in neglected or misdiagnosed cases. If small 
abscesses developed, their contents were 
aspirated with a syringe and needle, and 
the abscess cavity was partially refilled 
every two or more days with a solution of 
penicillin in physiological saline containing 
5,000 units per cubic centimeter. 

The clinical response to treatment and 
the roentgenological changes in the in- 
volved bones which developed subse- 
quently were carefully observed. 

RESULTS 

Under the therapy outlined, all cases 
recovered but one of severe and neglected 
acute hematogenous osteojnyelitis of the 
tibia with staphylococcus pneumonia and 
bacteriemia which was admitted in mori- 
bund condition and died seventeen hours 
later. The mortality rate was therefore 
remarkably low, being only 1.9 per cent. 
There was also a striking reduction of the 
period of morbidity. 

The clinical results obtained fell into 
four groups and varied with the duration 
of the disease, the onset and adequacy of 
penicillin therapy, and the severity of the 
infection. 

/. If the correct diagnosis was 
made early, within the first two or three 


days, and adequate treatment was started 
immediately, the results were truly excel- 
lent (example: Case 17). After a period of 
approximately thirty-six to seventy-two 
hours the fever, rapid pulse, bacteriemia, 
and other general signs of the severe infec- 
tion began to disappear. At the end of a 
week, the temperature was usually normal, 
and the patient looked and felt quite well. 
The local signs of infection such as tender- 
ness, edema, and redness also b^an to 
recede after a similar latent period of 
thirty-six or more hours. In this group 
immobilization by means of a plaster cast 
seemed to be of comparatively little im- 
portance, and there was an early return of 
function. In fact, it was practically impos- 
sible to keep some of the children off of the 
involved extremities as early as two weeks 
after the beginning of treatment. Surgical 
intervention was not necessary in this 
group unless an abscess formed. 

The bony changes as depicted on the 
roentgenograms were minimal, consisting 
of areas of localized periosteal reaction, 
small areas of patchy decalcification of the 
underlying cortex, little or no evidence of 
sequestration, and ultimate reconstitution 
of the bone. These findings were hard to see 
in some instances and were temporarily 
overlooked at times. An additional 3 cases 
with typical symptoms and signs of acute 
osteomyelitis which were treated success- 
fully with penicillin were not included in 
the report since it was impossible to prove 
the diagnosis in the absence of roentgeno- 
graphic findings. 

Case 17. B. S., female, aged four, was ad- 
mitted to Children’s Hospital on June 5 ? ^ 944 ) 
complaining of severe pain in tlie rigiit leg and 
higii fever of two days' duration. Two weeks 
before, she had developed a blister on her heel 
which hatl become infected. 

Examination showed a severely ill white 
child with marked swelling, tenderness and 
local heat above and below the right knee. On 
the right heel an infected superficial ulceration 
was healing satisfactorily. 'I'he svhite hiuod 
count was 16,500 cells per cubic iniiliineter with 
79 per cent polymorphonuclear icukucytes. 
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The blood culture was positive for the hemo- 
lytic Staphylococcus aureus on June 5 and 7, 
1944. 

Roentgenograms (Fig. i) taken at the time 
of admission showed no evidence of osteomyeli- 
tis. A clinical diagnosis of acute hematogenous 
osteomyelitis of the tibia and femur was made. 
The patient was placed on parenteral penicillin 
therapy giving 15,000 units every three hours 
at the beginning of treatment and 10,000 units 
at the same interval later. A small fluctuant 


femur and upper third of the right tibia, with a 
small area of demineralization of the tibia just 
below the epiphyseal line (Fig. i). Five months 
after the onset of the disease, roentgenograms 
showed practically complete healing of the 
bone. Her general condition was very good and 
she had no symptoms or signs of residual bony 
infection. Her clinical recovery was excellent 
and the bony damage minimal. In the light of 
our later experiences, incision and drainage of 
this small abscess was probably unnecessary. 



Fig. I. Showing the bony changes occurring in Case 17. 6-6-44. No evidence of osteomyelitis or periostitis. 
8 - 5 - 44 - Considerable periosteal elevation, upper third of tibia. Mottling of bone just below epiphyseal 
line due to early bone involvement. 11-1-44. Practically complete healing of periosteum. Cortical infection 
at upper end has healed. No break has occurred in the cortex and no sequestration has taken place. 


area developed over the upper end of the tibia 
and this was aspirated on June ii, 1944. Thin, 
watery pus containing the hemolytic Staphylo- 
coccus aureus was obtained. Two days later 
this abscess was incised, liberating the purulent 
material and the leg was immobilized in a 
plaster cast. The patient’s condition improved 
rapidly thereafter. During the course of illness 
two transfusions were given and a new cast 
was applied on July 0.6, 1944. Roentgenograms 
two months later showed thickening of the 
periosteum over the lower third of the right 


Group II. When the diagnosis and treat- 
ment with penicillin were moderately de- 
layed, the general and local infections 
were brought under control less promptly 
after a period of two, three or more days 
during which little or no clinical response 
was evident. In this group local soft tissue 
abscesses developed more frequently. When 
small, they were treated successfully by 
aspiration of their contents and local In- 
jection of a solution containing 5,000 units 
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of penicillin per cubic centimeter at in- 
tervals of two or more days. If the abscesses 
were large, surgical drainage by incision 
was done to liberate the accumulated 
necrotizing bacterial toxins and to mini- 
mize further tissue destruction. When 
surgical drainage was carried out for large 
abscesses, the fall in temperature was 
usually prompt and not delayed for thirty- 
six or more hours as in the cases treated 
without surgical drainage. 

The bony changes dev^eloping in these 


Novembex, 1945 

October 26, 1943, complaining of pain in the 
left ankle and right knee of four days’ duration. 
A furuncle had been present on the left elbow 
for one week, and five days before admission 
he had turned his left ankle while playing. The 
following day he had a shaking chill followed 
by fever and malaise and painful swelling of the 
left ankle occurred on the following day. 
Twenty-four hours later the same changes 
appeared in the right knee. 

Examination showed an acutely and severely 
ill boy whose temperature was 102.5° E., pulse 
ijOi and respirations 48. A large furuncle was 



10 - 26-43 11 - 17-43 1 - 4-44 3 - 31-44 6 - 2-44 12 - 22-44 


Fic.^ 2. Showing bony changes occurring in Case 4. 10-26-43. Small .area of rarefaction on the outer aspect 
of tibia, just above the ankle, w'ith a very tiny break in the cortex. No periosteal reaction on medial aspect, 
lower third. 1 1-17-43. Mottling of lower one-fourth of tibia due to irregular areas of rarefaction. Very slight 
periosteal reaction on medial aspect, lower third. 1-4-44. Mottling has increased in lower portion of tibia 
and periosteal reaction is now very well defined. Also slight periosteal elevation on outer asjwct of fibula, 
distal one-fourth. 3-31-44. More extensive bone rarefaction and periosteal reaction than on previous roent- 
genograms. Several breaks in tibial cortex now easily seen. 6-2-44. Less mottling than previously and al- 
most complete disappearance of the periosteal reaction. Xo sequestration anywhere. 1 2-22.44. mottling 


has disappeared and no periosteal reaction remains. 

cases were of great interest. Usually none 
was visible on the roentgenograms at the 
beginning of treatment. After a week or 
more had elapsed, periosteal reaction and 
localized patchy demineralization of the 
underlying bone became evident and in- 
creased progressively in extent and degree, 
becoming most marked one to five months 
after the onset of the infection. Recalcifica- 
tion of the demineralized areas followed 
with re-establishment of a normal or nearly 
normal appearance of the bone. Sequestra- 
tion did occasionally occur in this group. 

Cask 4. K. M., white male, aged thirteen, 
was admitted to the Children’s Hospital on 


Healing of the infection appears complete. 

present on the left elbow and numerous 
petechiae covered the trunk and extremities. 
Many niles were heard throughout both lungs, 
and the mucous membrane and nail beds were 
cyanotic. There was increased heat, marked 
swelling and e.xquisite tenderness about the 
left ankle and the luv\er half of the left leg. 
Limitation of motion of the right knee with 
swelling and tenderness over the lower medial 
aspect of the right thigh was present. 

The red bliAjd count w'as 4,300,000 tells per 
cubic millimeter and the white blood count 
W'as 11,750 Cells with 79 per cent polymorpho- 
nuclear leukocytes. Urinalysis shoued tbe pre-- 
ence of acetone and a tr.ice of allmmin. W.u^ 1 
cultures were repeatedly po.itivc for the 
hemolytic Staphylococcus aureus. Koentgeno- 
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grams showed a small area of rarefaction of the 
outer aspect of the tibia just above the epiphy- 
seal line with a very small break in the adjacent 
cortex (Fig. 2). Changes in both upper lung 
fields suggested an acute embolic pneumonitis. 

A diagnosis of Staphylococcus aureus bac- 
teriemia with acute hematogenous osteomyeli- 
tis of the right femur and left tibia and embolic 
staphylococcus pneumonia was made. Peni- 
cillin was started on the first hospital day and 
after two doses of 25,000 units he was given 

15.000 units intravenously every three hours. 
Three and one-half days later the dose was 
reduced to 10,000 units and four days later to 

5.000 units. It was discontinued on the twelfth 
hospital day. Both legs were supported in long 
casts which were bivalved for purposes of 
observation of the involved areas. Little 
response to penicillin therapy was evident for 
seventy-two hours, the temperature remaining 
high, the blood cultures remaining positive and 
the signs of local inflammation persisting. 
Following this, the fever gradually fell and 
reached 99^^ F. on the twelfth day after the 
start of penicillin therapy where it remained 
until the twenty-seventh hospital day. 

On November 17, 1944, the roentgenograms 
showed periosteal elevation along the medial 
aspect of the distal end of the right femur and 
the lower third of the left tibia with mottling 
of the lower metaphysis of the tibia (Fig. 2). 

Fie was discharged from the hospital on 
November 24, 1943, his thirtieth hospital day 
with no clinical evidence of active infection. 

On January 4, 1944, the periosteal reaction 
was more marked on the tibia and evident over 
the outer aspect of lower end of the fibula. The 
mottling in the lower portion of the tibia had 
increased in extent and degree. 

The casts were removed the first week in 
March and he was allowed to resume activity 
gradually. On March 31, 1944, there was more 
extensive rarefaction and periosteal reaction of 
the lower ends ot the tibia and fibula than on 
the previous roentgenograms. Several breaks 
in the tibial cortex were easily seen. On June 2, 
1944, partial recalcification of the areas of 
rarefaction and almost complete disappearance 
ot the periosteal reaction indicated that healing 
was taking place. The last roentgenograms on 
December 22, 1944, were interpreted as showing 
further calcification of the previously rarefied 
are.as with apparently complete healing. The 
clinical examination at that time showed no ab- 
normality or evidence of active infection. 


Case 3. J. C., white male infant, aged 
thirteen months, was admitted to Children’s 
Hospital on October 23, 1943, with a history of 
fever associated with redness, swelling, and 
marked pain of the entire left lower leg of more 
than three days’ duration. He had been given 
sulfathiazole without obvious clinical improve- 
ment during the three days prior to admission. 

At the time of admission there were marked 
edema, redness and tenderness over the ex- 
ternal malleolus, shaft of the fibula, and lower 
end of the tibia. The temperature was 102° F. 
and the white blood count was 32,000 cells per 
cubic millimeter. Urinalysis was essentially 
negative except for the presence of acetone. 
Blood cultures were negative. Roentgenograms 
showed no evidence of osteomyelitis, h. clinical 
diagnosis of acute hematogenous osteomyelitis 
of the fibula was made. He was treated con- 
servatively by immobilization of the extremity 
and administration of penicillin giving 15,000 
units and later 10,000 units every three hours 
intravenously and intramuscularly. No surgical 
drainage was carried out. 

Eight days after the onset of symptoms the 
cast was bivalved and a small subperiosteal 
abscess was aspirated yielding 12 cc. of thick 
gray pus containing staphylococci. The cast 
was reapplied and the patient continued to 
receive penicillin and general supportive ther- 
apy. On the fifth day after the start of penicillin 
therapy, the temperature began to fall, reaching 
normal six days later. The patient was dis- 
charged to his home with no external signs of 
active inflammation present in the leg. No 
draining sinuses or residual edema were ap- 
parent. Progress roentgenograms taken at 
intervals during the eleven months after onset 
of disease are shown in Figure 3. 

On November 25, 1945, month after 
admission to the hospital and approximately 
two weeks after completion of the penicillin 
therapy, considerable involvement of the 
proximal and distal ends of the fibula had 
developed with periosteal reaction involving 
most ot the shaft and sequestration of practi- 
cally two-thirds of the fibular shaft. Approxi- 
mately three months after admission, on 
January iS, 1944, the periosteal reaction was 
increased in amount and was forming a new 
bony shaft for the fibula. The sequestrum of 
the old shaft of the fibula had been partially 
and spontaneously absorbed. 

After this, the child moved to another state 
and contact was maintained through his 
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orthopedic surgeon. Shortly after moving, he 
developed two small draining sinuses in the 
lower part of the affected leg and the roentgeno- 
grams on April 29, 1944, showed that the long 
narrow sequestrum was detached and was 
working its way to the surface. During a 
subsequent change in plaster casts, the se- 
questrum was found to be partially extruded 
from one of the sinuses and was therefore 
removed. Approximately eleven months after 
onset of the disease, the roentgenograms 
showed reconstruction of the entire fibula with 
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was usually of limited extent and in some 
cases the sequestrum acted as an auto-- 
enous bone graft, becoming revascular- 
ized and viable to participate in the recon- 
struction of the involved bone (Fig. 4) 

The local infection was arrested with 
more difficulty in this type of case and long- 
er periods of treatment with penicillin were 
usually required. Small abscesses were 
treated by aspiration and large ones by in- 
cision and drainage. 
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Fig. j . Showing the bony changes occurring in Case 3. 10-23-43. No definite roentgen findings in bone or 
periosteum. 11-4-43. Rarefaction at proximal and distal ends of fibula with associated periosteal reaction. 
Also an area of periosteal reaction at level of junction of middle and lower thirds. 11-25-43. Bone destruc- 
tion involving lower two-thirds of fibula. Absorption of proximal end. Marked periosteal reaction in these 
areas. Practically two-thirds of shaft is sequestrating. 1-18-44. Reconstruction has taken place in major 
portion of the fibula. The sequestrum is absorbing. Slight increase in the degree of periosteal reaction at 
proximal end. 4-24-44. Almost entire shaft has become recanalized. Long narrow sequestrum remains on 
outer portion of fibula in its middle third. 9-8-44. Entire fibula has been reconstructed. Remainder of se- 
questrum not absorbed has been removed. 


apparently complete healing. There has been 
no disturbance of growth of this leg, no de- 
formity, and no impairments of function of 
adjacent joints. In October, 1944, the child was 
reported to be running about normally without 
complaints or signs of infection. 

Group III. When the diagnosis and treat- 
ment were delayed for seven to ten or more 
days, or when the infection was unusually 
severe, local destruction of bone became 
very great and soft tissue abscess formation 
and sequestration occurred in most but not 
all of the cases. Sequestration, however. 


The bony changes as revealed by roent- 
genograms showed extensive bone destruc- 
tion at the start of penicillin treatment, 
which increased on subsequent examina- 
tions. Sequestration occurred in some in- 
stances. Smaller sequestra have been 
absorbed spontaneously and larger ones 
apparently have acted as autogenous 
grafts. In Case 3 the sequestrum was spon- 
taneously and partially discharged while 
in Case 22, the large sequestriun is undis- 
turbed, apparently viable and taking part 
in reconstruction of the shaft of the radius. 


VoL. 54, No. 5 


443 


Acute Hematogenous Osteomyelitis Treated with Penicillin 


Case ai. R. S., white male, aged eight, was 
admitted on the pediatric service of the 
Cincinnati General Hospital on March 27, 
1944, complaining of fever and a painful swell- 
ing in the left shoulder and elbow of four days’ 
duration. Several days previously he had had a 
tonsillectomy. 

On examination his temperature was 103° F., 
pulse 120, and respirations 26. The sclerae were 
icteric. There was a loud systolic murmur 
audible over the apex of the precordium. 
Extending from the left shoulder to the elbow 
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ported as negative and chest roentgenograms 
were essentially normal. 

A diagnosis of rheumatic fever was made and 
treatment with antipyretics was started. Sulfa- 
diazine therapy was started on March 31, 1944, 
the fourth day after admission, giving i gram 
every four hours without noticeable clinical 
improvement. On March 31 the roentgenologist 
described periosteal reaction about the upper 
two-thirds of the shaft of the humerus with 
some demineralization of the underlying bone 
(Fig. 4). Repeated roentgen examinations 
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Fig. 4. Illustrating the bony changes occurring in Case 21. 3-31-44. Mottling at upper end of shaft of humerus 
and very slight periosteal reaction on outer aspect of upper one-fourth of shaft. 4-8-44. Mottling has con- 
tinued down the shaft to junction of upper and middle thirds. Periosteal reaction present both sides of 
shaft. 4-18-44. Marked increase in periosteal reaction. Very small sequestrum seen under periosteum on 
outer aspect. 4-27-44. Osteomyelitis has increased considerably and a long narrow sequestrum is present 
on lateral aspect of shaft. Periosteal reaction has increased, particularly over the sequestrum. 6-22-44. 
Reconstruction of the shaft has taken place. The sequestrum has been involved in the process of recalcifica- 
tion and healing. 1-19-45. Complete healing and reconstruction. 


was a hot, reddened, edematous area which was 
exquisitely tender. Limitation of motion of 
both elbow and shoulder joints was present. 

The white blood count was 18,700 cells per 
cubic millimeter with 80 per cent polymorpho- 
nuclear leukocytes. The urinalysis was nega- 
tive. The icteric index was 13 and cephalin 
flocculation test was q-j- in twenty-four hours. 
The van den Bergh test showed a moderately 
positive prompt biphasic reaction. Blood cul- 
tures taken then and subsequently were re- 


showed gradual increase in these changes which 
were quite extensive on the thirteenth hospital 
day. Pus was aspirated from a soft tissue 
abscess over the upper lateral aspect of the 
arm and the hemolytic streptococcus was 
cultured from it. At this time we were asked to 
see the patient, and it was elected to treat the 
osteomyelitic process with penicillin, giving 

10.000 units every three hours intramuscularly. 
The soft tissue abscess was again aspirated and 

15.000 units of penicillin in 3 cc. of saline 
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solution were instilled into the abscess cavity. 
Within seventy-two hours after the penicillin 
was started, the temperature fell to 99.2® R, 
and thereafter this elevation was never ex- 
ceeded. The subperiosteal abscess was aspirated 
on two occasions followed by instillation of 
penicillin. No organism was cultured from the 
aspirated material after eight days of penicillin 
therapy. The dose was reduced to 5,000 units 
every three hours after the eleventh day of 
penicillin treatment and discontinued two days 
later. 

Serial roentgenograms of the involved Inl- 
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the shaft. Two months later (June 22, 1944) 
rnarked recalcification and reconstruction of 
the involved bone had occurred spontaneously, 
the sequestrum apparently participating in the 
healing process (Fig. 4), 

He was transferred to the Children's Con- 
valescent Home on his forty-seventh hospital 
day and an early return to normal activity was 
possible under supervision. After a stay of three 
months at the institution he returned home 
entirely without symptoms. Progress roentgen- 
ograms on January 19, 1945, showed ap- 
parently complete healing. 



Fig. 5. Showing bony changes occurring in Case 22 . 6-20-44. Rarefaction at distal end of radius, most likely 
early osteomyelitis. 6-29-44. Rarefaction has extended upward through distal half of radius and also in- 
volves the proximal one-fourth. Several breaks in the cortex. Periosteal reaction present, especially proxi- 
mal end. 7-1 5-44. Very extensive periosteal reaction with absorption of both ends of the shaft and beginning 
sequestration of the middle third. 10-27-44. Extensive healing and reconstruction of the radius. The se- 
questrum representing the middle third of the radial shaft apparently has become revitalized. 2-6-45. 


Practically complete reconstruction of the radius. 

merus revealed striking bony changes (Fig. 4). 
On April 8, 1944, at the start of penicillin 
therapy, extensive destruction of the bone 
produced by the infection of thirteen days’ 
duration was evident. Near the completion of 
penicillin therapy, the roentgenograms showed 
a marked increase in the extent of periosteal 
reaction and the formation of a small seques- 
trum. On April 27, 1944, one month^ after his 
admission to the hospital, the rarefaction of the 
humeral shaft and periosteal reaction had 
reached its maximum and a long narrow se- 
questrum was present on the lateral aspect of 


Case 22. R. J., Negro male, aged three, was 
admitted to the Cincinnati General Hospital 
on June 14, 1944, with a chief complaint of 
swelling throughout the right forearm. Two 
days earlier he had cut his right palm and at 
that time it was noted that he also had a 
furuncle of his scalp. 

He appeared acutely ill and his temperature 
was 104.6° F, There was a healing laceration 
of the left thenar eminence. Extending from 
the left wrist to the shoulder was a warm, 
exquisitely tender sv/elling which was greatest 
throughout the forearm. 
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The white blood count was 21,000 cells per 
cubic millimeter and the urinalysis showed the 
presence of acetone. Blood cultures were 
reported as negative on admission as well as on 
repeated subsequent examinations. Roentgeno- 
grams on his sixth hospital day showed small 
areas of demineralization and periosteal reac- 
tion about the distal end of the radius, but 
these were overlooked. 

A diagnosis of acute cellulitis of the forearm 
secondary to an infected laceration of the hand 
was made. Sulfadiazine was started, 7^ grains 
being given every four hours. Massive wet 
compresses were applied to the arm. After 
twenty days on sulfadiazine therapy he con- 
tinued to have daily elevations of temperature 
to approximately 100° F. and the appearance 
of the arm did not change appreciably. The 
bone changes as revealed by the roentgenogram 
had progressed markedly. Rarefaction of the 
distal half and proximal fourth of the radius 
with periosteal reaction was obvious, and 
several breaks in the cortex became visible, 
making the diagnosis of acute osteomyelitis of 
the radius apparent. 

On the twenty-third hospital day, we were 
asked to see the patient and pencillin therapy 
was started, giving 10,000 units intramuscu- 
larly everj' three hours. Sulfadiazine was dis- 
continued. The ann was immobilized in a long 
arm cast. After five days the dose was reduced 
to 5,000 units every three hours. The course 
was one of slow improvement. The roentgeno- 
gram taken on July 15, 1944, showed more 
extensive periosteal reaction with absorption of 
both ends of the radial shaft and beginning 
sequestration (Fig. 5). On July 20, 1944, after 
fourteen days of penicillin therapy, aspiration 
of the forearm yielded a few cubic centimeters 
of fluid from which hemolytic Staphlococcus 
aureus^ Staphylococcus a/hus, and a streptococ- 
cus were cultured. He was discharged on his 
fifty-sixth hospital day greatly improved. 
When seen in the clinic on August 28, 1944, 
there was still some swelling of the foreann 
with a palpable irregularity along the surface 
of the radius. Progress roentgenograms taken 
on October 27, 1944, 137 days after the onset 
of illness, showed that the periosteal reaction 
had thrown up an enveloping bridge of new bone 
about the sequestrum representing the old 
radial shaft. Of particular note is the apparent 
revitalization of the sequestrum similar to that 
seen in autogenous bone grafts. On February 


6, 1945, 239 days after the onset of the disease, 
marked healing had occurred with recalcification 
and spontaneous reconstruction of the radius. 
The sequestrum had participated in this 
process. 

Group IV. In certain fulminating infec- 
tions in which it is apparent that the pa- 
tient will not live the forty-eight or more 
hours necessary to obtain the maximum ef- 
fect of penicillin, surgical intervention after 
adequate preoperative preparation is still 
necessary as an emergency measure. Peni- 
cillin was administered preoperatively and 
postoperatively in doses of at least 15,000 
units every one to three hours. In such in- 
stances, the bone destruction was extensive 
due to the severity of the infection. 

Case 29. G. C. white male, aged two, was 
admitted to the Children’s Hospital on July 6, 
1944, complaining of pain and swelling of the 
left foot and lower leg of three days’ duration. 
Wet dressings had been applied and an un- 
known type of sulfonamide administered the 
day before admission. During -the preceding 
two weeks he had an acute upper respiratory 
infection and ten weeks before he had had 
epidemic meningitis from which he had made 
a complete recovery. 

Examination showed an acutely ill and 
profoundly toxic white boy whose temperature 
was 104.2° F. There was a profuse nasal dis- 
charge. The left foot was red, hot, tender, and 
swollen to a level about the ankle. A large 
vesicle containing blood-stained fluid was 
present over the area of greatest swelling. 

The white blood count was 15,250 cells with 
86 per cent polymorphonuclear leukocytes and 
the red blood count was 3,960,000. Urinalysis 
showed the presence of albumin and an oc- 
casional red blood cell. All blood cultures taken 
were negative. Roentgenograms on July 7, 
1944, showed swelling in the soft tissues, but 
unfortunately they showed only a small portion 
of the lower leg (Fig. 6). 

Aspiration of the fluid in the large hemor- 
rhagic vesicle was performed and examination 
of a stained smear of this material showed the 
presence of numerous small chained gram- 
positive cocci. These were interpreted as 
streptococci and a tentative diagnosis of 
hemolytic streptococcic gangrene was made. 
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Sulfadiazine gr. v and an equal amount of 
bicarbonate of soda were given every four 
hours. Penicillin was started on the second 
hospital day, 10,000 units being given in- 
tramuscularly every three hours to an infant 
of two years of age. 

The patient’s condition became rapidly 
worse during the ensuing twenty-four hours, 
and it became evident that he would die before 
the passing of an additional twenty-four hours. 
At this time it was learned that the culture 


orsurn of the foot. On the lower lateral aspect 
of the leg an area of slough with perforation was 
found in the fascia. The wound was loosely 
packed with gauze incorporating four Dakin’s 
tubes and the patient was returned to his room 
in very poor condition. He received continuous 
oxygen therapy, intravenous injection of 5 per 
cent glucose in saline solution, and several 
^ansfusions of 250 cc. of fresh whole blood. 
Treatment with penicillin was continued giving 
15,000 units every three hours for the next 



Fig. 6. Illustrating bony changes occurring in Case 29. 7-7-44. No evidence of bone or periosteal involvement. 
7-20-44. Area of bone destruction at both ends of fibula and an area of rarefaction with break in cortex on 
medial aspect of distal end of tibia. Periosteal elevation on lateral aspect of tibia, distal half. 8-18-44. 
Extensive destruction both ends of fibula and lower half of tibia. Periosteal reaction has developed along 
the full length of both shafts. 9-3-44. Progress of the infection has been halted and healing has begun, both 
in the bone tissue and the periosteum. 9-30-44. Both ends of fibula and lower end of tibia have become re- 
canalized. The tibial periosteal reaction of the periosteum of the fibula is about the same. 1 1-9-44. Recon- 
struction of upper end of fibula is complete. Deformity at lower ends of fibula and tibia has persisted but 
the infection has apparently completely subsided. Tibial periosteum has returned to normal except for a 
small area on medial aspect of shaft. Periosteum of fibula remains thickened. 


of the fluid aspirated from the vesicle showed 
that the gram-positive coccus was a hemolytic 
Staphylococcus aureus, and not a hemolytic 
streptococcus. A diagnosis of acute hematog- 
enous osteomyelitis was made and immediate 
operative intervention was decided upon. On 
the way to and in the operating room the child 
had two series of generalized convulsions. 
Under drop ether anesthesia two long incisions 
were made rapidly through the skin and sub- 
cutaneous tissues of the lateral and medial 
aspects of the leg and foot. A necrotizing 
purulent infection was found in the sub- 
cutaneous tissues over the entire leg and 


eighteen days and 10,000 units at the same 
interval for an additional eight days. 

Striking improvement occurred in his gen- 
eral condition, becoming evident within the 
first twenty-four hours after operation and 
continuing during the following seven days. 
The sloughing tissues in the wound were 
replaced by red healthy granulation tissue and 
the wound gradually and spontaneously healed 
with the exception of a small area 2 cm. in 
diamater ov'er the lower lateral aspect of the 
leg. 

Roentgenograms taken on July 20, 1944, 
twelve days after onset of penicillin therapy 
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and ten days after operation, showed destruc- 
tion and periosteal reaction at the distal ends 
of the tibia and fibula and involvement of the 
tibio-astragalar joint. A long leg cast \yas 
applied on the twenty-first day after operation 
and he was discharged on the forty-seventh 
day. He was afebrile at this time and his gen- 
eral condition was very good. On August i8, 
1944, forty-one days after start of penicillin, 
and after its completion, the appearance of the 
roentgenograms was much worse than it was 
at any time before or during the administration 
of penicillin. Extensive demineralization and 
rarefaction of both ends of the fibula and 
lower half of the tibia with marked periosteal 
reaction along the full length of both shafts had 
developed. Fifty-seven days after the start of 
penicillin, early healing had become manifest 
by fusion of the periosteal new bone with the 
cortex and beginning recalcification of the 
rarefied areas. There was no evidence of se- 
questration, On November 9, 1944, 129 days 
after the onset of the illness, marked healing 
had occurred with complete reconstruction of 
the upper end of the fibula and tibia, and 
partial recalcification and reconstruction of 
the lower end of the tibia and fibula. In 
October, 1944, the patient began active weight 
bearing after removal of the cast. On Novem- 
ber 23, 1944, the wound had completely healed 
and the patient was without complaint. 

DISCUSSION 

The roentgenographic changes in bone 
occurring in acute hematogenous osteomye- 
litis treated with penicillin are of particular 
interest. Early in the disease, during the 
first four to ten or more days, the roent- 
genograms are of no practical value in de- 
tecting the nature of the disease. This em- 
phasizes the fact that the diagnosis of 
acute osteomyelitis is purely a clinical one 
at the time when early and adequate treat- 
ment with penicillin will minimize or pre- 
vent damage of bone. In many instances, 
penicillin therapy had sterilized the blood 
stream and had brought the generalized 
and localized manifestations of infection 
under control before any evidence of bone 
damage became obvious. 

Later in the disease, usually after the 
cessation of chemotherapy, a succession of 


roentgenographic changes occurred. These 
changes varied with the age of the patient, 
the severity of infection, the duration of 
infection before treatment with penicillin, 
the adequacy of therapy, and the type of in- 
fecting bacteria. Periosteal reaction, patchy 
areas of demineralization and rarefaction of 
the involved bone, and breaks in the ad- 
jacent cortex were early signs which usually 
became evident ten to fourteen days after 
the onset of the illness. These findings in- 
creased in extent and degree, and were in- 
variably interpreted by the roentgenologist 
as representative of “an extension of the 
osteomyelitic process.” We have learned to 
interpret the areas of rarefaction and 
breaks in the cortex of the involved bone as 
a measure of spontaneous absorption of the 
bone destroyed early in the course of the 
infection rather than a measure of an ex- 
tension of the osteomyelitic process. The 
process suggests that adequate penicillin 
therapy given early arrests and controls the 
infection, converting an area of septic ne- 
crosis of bone to one of aseptic necrosis. 

The spontaneous absorption of the dead 
bone is followed by recalcification of the in- 
volved area often with re-establishment of 
normal or near normal bony architecture. 
Reconstitution of the bone was accom- 
plished with less resultant bone sclerosis 
than that seen by other previous forms of 
treatment. 

We suspect that a process similar to that 
seen following the transplantation of autog- 
enous bone grafts occurs in acute osteo- 
myelitis treated adequately with penicillin. 
It has been known for a long time that 
aseptic absorption of dead bone occurs in 
transplanted bone grafts." When bone is 
transplanted to another location, a consid- 
erable part of it dies, but those bone cells 
which are still bathed in lymph and body 
fluids continue to live and show marked 
proliferation in the course of a few days. 
Revascularization of the necrosed bone is 
accomplished by new vessels growing from 
the surrounding tissues into the haversian 
canals. Proliferating osteoblasts accompany 
the new vessels, giant cells appear and the 
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dead bone undergoes absorption and con- 
version into a series of spaces lined by os- 
teoblasts. The formation of new bone is 
then accomplished by these cells. In this 
manner the graft becomes partially ab- 
sorbed and then replaced. 

Although sequestration was relatively 
uncommon in cases treated with penicillin, 
it still occurred late in the illness if the in- 
fection was unusually severe, the diagnosis 
was delayed or the treatment inadequate. 
When it did occur, it was usuall}'^ followed 
by spontaneous absorption of the smaller 
pieces, partial absorption of the larger ones, 
spontaneous extrusion of detached larger 
sequestra, or by recanalization and organi- 
zation of large sequestra similar to autog- 
enous bone grafts. Sequestrectomy may be 
necessary in 2 cases later. 

In the past we have been impressed with 
the degree of secondary infection in areas 
of osteomyelitis treated by surgical drain- 
age. Devitalized tissue exposed to the air 
invites mixed or saprophytic infection, par- 
ticularly by various gram-negative bacilli, 
and it is often difficult to prevent this type 
of infection. Such secondary invaders have 
frequently been penicillin resistant or even 
penicillin destructive. The elimination of 
this complication by penicillin therapy 
may be a very important factor in the ar- 
rest of the local infective process and the 
spontaneous absorption of devitalized bone. 


SU.MMARV AND CONCLUSIO.NS 

Penicillin is a powerful chemotherapeutic 
agent which has reduced the mortality and 
morbidity in acute hematogenous osteo 
rnyelitis by effectively bringing the infec- 
tion under control and by decreasing the 
local destruction of bone and resultant de- 
formities. A study of cases treated with 
penicillin has radically altered our inter- 
pretation of the roentgenographic changes 
developing in this disease.Althoughthe 
roentgenogram is of little or no value in 
making an early diagnosis of acute hematog- 
enous osteomyelitis, it is of definite value 
in the recognition of the process after ten 
to fifteen days beyond the onset. A succes- 
sion of changes occurring in bone have been 
described in the cases treated adequately 
with penicillin which have been inter- 
preted as a measure of the process of spon- 
taneous repair and not as an indication of 
further extension of the osteomyelitic pro- 
cess as has been generally assumed. The 
spontaneous removal of necrosed bone has 
been followed by recalcification and healing 
of the involved areas. 
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STUDIES ON ROENTGEN DEATH IN MICE* 

L SURVIVAL TIME AND DOSAGE 
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INTRODUCTION 

T he series of investigations of which 
this is the first report deals with reac- 
tions of mice to lethal doses of roentgen 
rays. The emphasis will be on reactions 
which can be measured, on their quantita- 
tive relations to the doses administered, 
and on the evaluation of factors which in- 
fluence the dose-response relation. The 
present paper deals with the speed of the 
processes leading to death expressed bj^ the 
survival time elapsing between irradiation 
and death. The dosage range investigated 
extends from 500 to 25,000 roentgens. It 
will be shown that it is divided into four 
zones, each with distinctive characteristics 
of the dose-response relation. 

MATERIAL 

Inbred mice were used in these experiments. 
They were from five to twenty-five weeks old 
and weighed 20 gm. + i5 per cent, i.e., from 
17.4 to 23.0 gm. They were kept in wooden 
bins, 2 to 20 mice in a bin, and had unlimited 
access to water and food (“Purina” dog chow). 

Our standard strain f Is Cfy-Black. These 
mice are derived from a Bar Harbor strain, 
and have been continued in Illinois since 1938 
by successive brother-to-sister matings. Some 
of the mice represented in this report come from 
two other strains of about equal roentgen sensi- 
tivity, called strains L and B. Strain L is 
derived from the Swiss stock, and has been in- 
bred systematically in Illinois since 1939. 
Strain B is an anophthalmic strain, inbred 
since 1938 in Bar Harbor, and later in Illinois, 
and described in a series of papers by H. B. 
Chase and E. B. Chase.^ In addition, a few 

t A strain is obtained by continued and uninterrupted brother- 
to-sister matings in successive generations. Mice belonging to one 
strain are the closest approach to genetically homogeneous mice 
which can be obtained. A stock is obtained by continuous in- 
breeding within the progeny of one couple, without regard to the 
relationship between mates. A stock is less pure than a strain. 


ILLINOIS 

first generation hybrids between the above 
strains were used. 

METHOD OF IRRADIATION 

The definition of the roentgen dose ad- 
ministered to a mouse involves certain dif- 
ficulties. The biologic effect depends on the 
tissue, or effective, dose. This dose consists 
of two components, the primary radiation 
delivered, and the secondary radiation aris- 
ing within the irradiated subject. The 
amount of the latter depends on the size 
and shape of the object. It is small if the 
beam of rays hits only a single mouse, be- 
comes considerable when several mice are 
irradiated together in a box, and reaches up 
to 50 per cent of the primary radiation if 
the mice are subjected to backscatter from 
the support. Thus, the effective intensity 
can deviate considerably from the primary 
intensity. 

In general it is desirable to. know the ab- 
solute value of the effective dose. This can 
be accomplished in two ways: either by ir- 
radiating the mice singly, suspended free in 
air with a minimum of support, in which 
case the tissue dose is practically equal to 
the amount of primary radiation delivered; 
or, by arranging the mice in a way that the 
amount of secondary radiation they receive 
is measurable and reproducible. The latter 
way is the one we selected. 

A phantom was designed to permit irradia- 
tion with doses which are reproducible, measur- 
able, and nearly homogeneous throughout the 
body of the animals. It was built of sheets of 
pressdwood, sp. gr. i.i, measuring 16 by 16 by 
I inches. In the center of six sheets, rectangles 
of 2 by 3 inches were cut out; these sheets were 
bolted together with a seventh one which 
formed the bottom. A sheet placed on top 
of this block formed the ceiling of a chamber 
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measuring 3 by a by li inches, situated in the 
center. The whole block was placed on fifteen 
additional sheets of pressdwood providing the 
backscatter. The central beam was directed 
through the center of the block. Two to 4 mice 
were irradiated at a time. They filled about 
half the space in the chamber. The remaining, 
irregularly shaped air space proved to be suf- 
ficient to prevent anoxemia and is not believed 
to change substantially the dose distribution. 


It can be seen that the postulate of homogene- 

Tmi. was reasonably well 

tulhUed. The variety of settings used is due 
partly to changes in the apparatus (the experi- 
ments were carried out during a period of two 
years), partly to special investigations which 
yielded negative results, i.e., the differences 
between the settings described did not appreci- 
ably influence the effects obtained. Setting g 
involved the use of a special phantom designed 


Table I 


SETS OF IRRADIATION CONDITIONS USED 


Setting 

kv.* 

max. 

Filter 

Half- 
Value 
Layer in 
mm. Cu 

ma.* 

Distance 
Target- 
Center of 
Chamber 
in cm. 

Effectivef 

r/min. 

Highest**! Lowest! 

r/min. 

in Per Cent of 
Effective r/min. 

A 

183 

0.75 mm. Cu 
+ i mm. A 1 

1 .20 

6.25 

52.5 

15.4 

102 

97 

B 

200 

0.75 mm. Cu 
+i mm, A 1 

1.34 

i 

10. 0 

92.0 

9-5 

102 

97 

c 

200 

0.75 mm. Cu 
+ i mm. A 1 

1-34 

10. 0 

48.75 

■ 

102 

97 

D 

200 

0,75 mm. Cu 
+ i mm. A 1 

( I -34 

10. 0 

37.5 

33-6 

103 

96 

E 

200 

0.5 mm. Cu 
+ i mm. A 1 

1 . 10 

8.0 

37-5 

37-6 

104 

' 94 

F 

200 

None 

0-34 

8.0 

37-5 

117.0 

106 

93 

G 

200 

None 

0-34 

8.0 

n 

220.0 

— 

— 


* Asreadotitheinstrumentsonthecontrolpanel. 

t Intensity at a point 1.5 cm. above the floor of the chamber and 2.5 cm. olFcentcr. 

** Intensity at a point 0.5 cm. below the ceiling, in the center beam — considered the highest intensity likely to hit any sensitive 
part of the mouse. 

f Intensity at a point 0.5 cm. in each direction from a lower corner of the chamber — considered the lowest intensity likely to hit any 
sensitive part of the mouse. 


For the determination of depth dose dis- 
tributions, the block of sheets with the chamber 
was replaced by another set of sheets containing 
a tunnel into which the thimble of a Victoreen 
condenser r-meter was introduced. 

Figure I shows the mouse chamber and dos- 
age distribution charts for two different sets of 
conditions (settings) used, one considered satis- 
factory, the other showing poorer homogeneity 

of dosage. ,, r , 

Table i contains the data for all or the 
settings used in the experiments here reported. 


for high intensity with little regard for dose 
distribution. This phantom consists of a cylin- 
der of pressdwood which contains a cylindrical 
chamber of 5 cm. diameter and 2 cm. depth. 
It was used only for the highest doses. 

GENERAL OBSERVATIONS 

Several descriptions of the clinical arid 
pathological picture of roentgen death in 
mice and other mammals have been given 
lately. We can therefore restrict 
this chapter to a brief survey. 
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(i) The Hyperacute Reaction. A hyper- 
acute reaction is produced by doses of 8,000 
r and more, in our standard mice (C57- 
Black of about 20 gm. weight). The clinical 
picture is dominated by convulsions which 
appear immediately after doses of 15,000 r 
and more, after a latency period of a few 
hours with doses of 8,000 r. The symptoms 
are light and transitory with doses up to 
12,000 r. With higher doses, the convulsions 


tiplicity of marked changes in many vital 
organs such as liver, spleen, lungs, kidneys, 
and intestines. In some cases, every one of 
these organs seems to be damaged severely 
enough to account by itself for the death of 
the animal.^® 

Doses of 600 to 1,200 r produce always, 
doses from 300 to 600 r sometimes, the pic- 
ture of acute roentgen death, with the only 
difference that the course is slower and the 



Fig. I. Section through the mouse chamber of the phantom, with isodose lines for two settings. The effective 
intensity is measured at point B, the highest at A, the lowest at C. 


become increasingly severe, and death oc- 
curs during an attack at from diree days 
down to minutes after the irradiation.® 

(2) The Acute Reaction. Acute roentgen 
death is produced in about three and one- 
third days by doses from 1,175 to 12,000 r. 
The earliest symptom we observed is 
weight loss, which can be found, in the ma- 
jority of cases, almost immediately after 
the irradiation. The weight decreases stead- 
ily ,and reaches about two-thirds of its orig- 
inal value at the time of death. On the 
second to third day, anorexia and diarrhea,® 
pallor, and flurriness of the fur become 
manifest. On the third day, the animals be- 
come weak, move little and slowly, and 
show a characteristic arching of the back. 
An hour or so before death, the respiration 
begins to slow down, and death occurs usu- 
ally with terminal con\'Tilsions. 

Pathological examination reveals a mul- 


interval between irradiation and death 
lengthened up to two weeks. 

(3) The Subacute Reactiojj. In the dosage 
range from 200 to 600 r, the weight, which 
first decreases, is sometimes arrested at a 
constant level for periods of days, or starts 
increasing again. This intermediate stage is 
sometimes followed by a second phase of 
more or less rapid weight loss accompanied 
by symptoms similar to those of the acute 
phase, and leading to death in one to six 
weeks after the irradiation. 

The pathological picture is different 
from that observed in acute roentgen death. 
The spleen is often enlarged and shows in- 
tense regeneration of white cells. The liver 
is often enlarged, sometimes fatty. In some 
cases it shows zones of necrosis alternating 
with zones of healthy regenerating cells. 
Changes in the lungs are sometimes local- 
ized to a single lobe. 
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(4) Survivors. Animals surviving doses 
of 200 r and more, are sterile, grow less than 
their litter mates, and have a grizzly coat. 
Otherwise, they appear healthy. On patho- 
logical examination, the organs appear 
normal except for occasional fibrosis. 

SURVIVAL TIME 

The survival time is the time elapsed be- 
tween irradiation and death. Our records of 
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Vival time. The dose estimate might differ 
from the actual dose delivered by up to 3 per 
cent because of fluctuations in the output of the 
machine. Another 3 per cent might be added 
for effects of position of the mice within the 
irradiation chamber. In addition, there is the 
possibility of gross errors in timing the ir- 
radiations. The survival time could be deter- 
mined precisely in a few cases where the dying 
was actually observed. Most mice died at times 
when checks were being made at frequent 



Fig. 2. Survival time of mice after whole body irradiation. Abscissa — dose in roentgens; 
ordinate — survival time in hours and days; circles — individual observations. 


survival time and doses for 101 mice of 
about 20 gm. weight, which died within 
forty days after irradiation, are assembled 
in Figure 2. Each symbol represents an in- 
dividual mouse, its position indicating the 
survival time (between irradiation and 
death) and the dose. 

A certain margin of error is conceded for 
both the values of dose administered, and sur- 


intervals, so that in these cases the survival 
times are accurate within one-tenth of a day 
at the most. About one-fourth of the mice 
died at times when checks were being made at 
irregular intervals ranging up to twenty hours, 
and in these cases our estimate (based on the 
degree of postmortem changes present) may 
be off by up to one-fourth of a day. 

The surs'ival times of mice which have re- 
ceived a given dose show some variation, with 
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the longest intervals between irradiation and 
death about twice as long as the shortest inter- 
vals observed with the same dose. Some of this 
dispersion can be accounted for by experimental 
inaccuraciesj but most is due to true variability. 
Hence, it is necessary to use statistics in order 
to obtain a simple expression of the dose- 
survival time relation. As a single value repre- 
senting the class of survival times obtained 
with a given dose, we have selected the “loga- 
rithmic mean survival time,” which is nearly 
identical with the “median survival time” 
(ni.s.t.), i.e., the time after which 50 per cent 
of all observed fatalities have occurred. With 
doses which kill all the mice irradiated, the 
median survival time is identical with the time 
after which one-half of all the animals in the 
set have succumbed; but if, say, only 60 per 
cent die, the median survival time is the time 
after which 50 per cent of these 60 per cent, or 
30 per cent of the total lot, are dead; and if only 
6 out of 100 mice in a given set die, the median 
survival time lies between the occurrence of the 
third and the fourth fatality. 

The trend of the median survival time, as 
estimated from the observations accumu- 
lated thus far, is represented by heavy 
lines in Figure 2. Full lines indicate the 
regions where we have enough material to 
feel that the present estimates will not be 
subjected to substantial corrections by fur- 
ther observations; dashed lines indicate a 
zone where the scarcity of experiments does 
not allow more than a preliminary estimate 
of the trend. 

An inspection of the graph (Fig. 2) re- 
veals that there are at least four different 
segments characterized by the form of the 
dose-response relation. The first segment, 
at the extreme left, seems to be a plateau, 
which represents survival times in subacute 
reactions. The few deaths observed in this 
low dosage range occurred after survival 
times of around eleven and one-fourtli days. 

The second and third segments represent 
survival times in acute reactions. The sec- 
ond segment extends over a dosage range 
from 650 to 1,175 r. It is sloping, indicating 
that in this zone the survival time decreases 
as the dosage increases. The third segment, 
which is the dominating feature of the 


whole curve, is a plateau extending over a 
domain of doses from i,i 7 S to ia,ooo r. In 
this zone, the survival time remains at a 
fixed value, and changes in doses are inef- 
fective as far as the survival time is con- 
cerned. That does not mean that changes of 
dosage, within this domain, will have no 
effect at all. For instance, motor symptoms 
appear at a dose of 8,000 r, and become pro- 
gressively severe as the doses increase; but 
the survival time remains the same up to 
iijooo r. 

The last segment, to the riglit of the pla- 
teau, is the zone of the hyperacute reaction. 
The survival time decreases with increasing 
doses, first slowdy, later rapidly. 

It can be seen that the scattering of the 
symbols representing individual observa- 
tions is most pronounced in the zones of 
transition between any two segments of the 
curve. It appears that in these zones of 
transition there may be an element of 
chance which determines in which of two 
ways an individual case may react. 

In mathematical terms, the relation be- 
tween dose administered (D) and median 
survival time (T) can be expressed as fol- 
lows: . 

1. 1 ... 7 ’ = constant = iiy days . . . (Z)<75or) 

1.2 ... y.Z) =constant =4.64 Xio® 

. . . (650 r<D <1,250 r) 

1.3 . . . T’=constant =34 days 

. . . (1,000 r <D <11,000 r) 

1.4 ...(log T— 1.05) X(log Z) —4.55) = constant 

=0.25 . . . (D> 10,000 r) 

The overlapping of the ranges of the four 
functions indicates the “uncertainty of re- 
action” observed in the transitional zones. 
At the present stage of investigation, the 
formulae given are only descriptive em- 
pirical approximations and should not be 
interpreted as statements of the form of 
relation between dose and effect. 

DISCUSSION 

The dose-response curve here presented 
is new if considered as a whole, but for 
every single zone there are corroborative 
data in the literature. 
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Several authors have investigated dosage 

sev^ "°"7P°^ding to the first and second 
segment of our curve. Sugiura^ and El- 

wS” P^'^ented their data in a form 
which allowed the estimation of the median 
survival time. The results of these authors 
are entered in Figure 3, together with the 
curve we obtained. It is evident that the 
shape of the curve is about the same for all 
sets of data. The subacute plateau comes 
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presumably there are doses 
which kill goldfish more rapidly. In studies 
on mammals (mice and guinea pigs) EI- 
mger- failed to establish the presence of 
P ateaus because he did not extend his in- 
ve^igations to high enough doses. 

1 he picture of the hyperacute reaction is 
lound in the early literature and has lately 
been described in detail by Henshaw.-'-=’«-' 



Fig. 3 . Survival time and dosage. Author’s curve, and data of Sugiura 
and ElJinger. Each symbol represents a class of mice. 


out rather well in Ellinger’s material. The 
position of the curves differs. Sugiura’s data 
fit our curve. The two sets of Ellinger’s data 
have been obtained with and without utili- 
zation of backscattering. From the curves, 
the amount of secondary radiation is esti- 
mated at 58 per cent which approximates 
the value of 50 per cent we would expect 
under the experimental conditions used. 

A plateau has not been found in mice 
previously, but one presumably analogous 
to ours was established in goldfish by El- 
linger.^ Within a dosage range of from 200 
to 2,000 r, increasing doses produce higher 
frequency and faster occurrence of deaths. 
At 2,000 r, the mortality is 100 per cent, 
and the median survival time about ten 
days. The reaction remains the same when 
the dosage is increased up to 10,000 r. The 


This author had worked with small and me- 
dium doses on mice, guinea pigs, and rab- 
bits, and proceeded to investigate whether 
and how far the life span after irradiation 
could be shortened. He used huge doses, be- 
yond the plateau range. On C3H mice, sur- 
vival times of thirty-six to forty-eight, and 
twelve to twenty-four hours, respectively, 
were recorded after doses of 25,000 and 
50,000 r. On subjecting the animals to radi- 
ation at a rate of 7,000 to 10,000 r per 
minute, death was observed in twenty-two 
minutes from the start of the experiment. 
Our own findings agree in general with 
Henshaw’s, only we found the hyperacute 
reaction in a somewhat lower dosage range. 

This short survey shows that each phase 
of the reaction has been studied before: 
the phases we call subacute, acute, and 
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hyperacute are all known. However, the 
segmental character of the dose-response 
relation has not been brought out, nor has 
the presence of the plateaus been estab- 
lished. 

Histopathological studies have not gone 
very far to explain the mechanism of roent- 
gen death. Several explanations have been 
offered; none has been generally accepted. 
Several tissues and organs show severe 
changes, and have, in turn, been considered 
as the decisive factor. We do not believe 
that pathological findings can resolve this 
conflict of opinion.'*’^’*'’ 

The segmentation of the dose-response 
curve suggests that there is more than one 
mechanism involved in roentgen death. A 
very simple explanation of the segmenta- 
tion of the curve is that there are three sep- 
arate reactions. A first reaction has a maxi- 
mum response corresponding to the sub- 
acute plateau; a second reaction has a 
threshold at 6oo r and a maximum response 
at three and one-third days, corresponding 
to the acute plateau; a third reaction has a 
threshold around 8,ooo r and a response 
which is not bounded by a maximum value. 

Observations other than survival times 
support the idea of distinct mechanisms 
corresponding to the three phases. Sub- 
acute and acute reactions are differentiated 
by the weight curve which is biphasic in 
the former, monotone in the latter, and by 
the pathological picture; acute and hyper- 
acute reactions are differentiated by the 
motor symptoms. 

Our observations have not disclosed any 
specific information about the mechanism 
of roentgen death. They have strongly sug- 
gested that more than one mechanism is 
involved, different reactions dominating in 
different dosage ranges. It seems, however, 
that their number is limited, probably to 
three. Thus it can be hoped that the prob- 
lem, while certainly not simple, is not ex- 
ceedingly complex. 

SUM.MARY 

I. Mice of 20 gm. weight were irradiated 
with roentgen rays. The doses ranged from 


500 to 25,000 r. The tissue doses were 
about homogeneous throughout the whole 
body. 

2. The reactions produced are classified 
as subacute, acute, and hyperacute reac- 
tions. 

3. The survival time (between irradia- 
tion and death) is used as a quantitative 
measure of the irradiation effect. To char- 
acterize the reaction of a whole class of mice 
we use the mean logarithmic survival time, 
or the almost identical median survival 
time, i.e., the time after which one-half of 
all fatalities have occurred. 

4. The relation between survival time 
and dose administered shows four zones 
with distinctive dose-response character- 
istics. There are two zones where the sur- 
vival time decreases with increasing dose, 
and two plateaus where the survival time 
remains constant over considerable dosage 
ranges. 

5. Simple mathematical formulae for the 
survival time-dosage relations are given. 

601 West University Ave., 

Urbana, Illinois. 
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STUDIES ON ROENTGEN DEATH IN MICE^ 
IL BODY WEIGHT AND SENSITIVITY 
By HENRY QUASTLER, M.D. 

URB.-VNA, ILLINOIS 


INTRODUCTION 

I N THE first paper- of this series, the rela- 
tion between roentgen dose adminis- 
tered and survival time was established for 
mice of a standard weight. In the present, 
the second paper, the discussion will be ex- 
tended to mice of various weights. It will 
be shown that the reactions which occur in 
mice of different weight are identical, but 
that the doses necessary to elicit a given re- 
sponse vary with the weight. Thus, the body 


aged twenty-five days or more, which were 
subjected to doses from 760 to 841 r, using 
the sets of conditions a, b, c, d, e, and f of 
Table i in the preceding paper.- The sur- 
vival times between irradiation and death 
were recorded, and the data obtained as- 
sembled in Figure i. Every symbol repre- 
sents an individual observation; its position 
indicates weight at the time of irradiation, 
and survival time. It was found that for 
mice up to 9,5 gm., the survival time is 
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Fig. I and c. Survival time as a function of weight, for constant doses. Circles represent individual observa- 
tions, heavy lines the estimated trends. Fig. i , doses of 800 r, 5 per cent; Fig. 2, doses of 560 and of 1,115 
The scales in these (and all the other graphs e.xcept Fig. 3 and 4) are logarithmic for greater ease in presen- 
tation. The formulae and figures in the te.xt are numerical. 


weight is a factor determining the sensitiv- 
ity to roentgen rays. In terms of the graph, 
a change ot body weight causes the w'hole 
dose-response curve to shift parallel to the 
dosage axis. 

C57-Black mice were used for this inves- 
tigation. The mediods of irradiation and 
observation w'ere tlie same as described in 
the preceding paper.- 

effects of constant doses on 

-MICE OF VARYING WEIGHT 

The effect of weight on survival time was 
studied on sixty-seven Csy-Black mice. 


about three and one-third days, a plateau 
value established in the preceding paper.- 
For mice of greater weights, the survival 
times are directly proportional to the 
w'eight. In the transitional zone, between 
the two segments of the curve, there is the 
same appearance of uncertainty wFich was 
observed in the transitional zones of the 
curv'e showing the effect of various doses on 
mice of a given w'eight. 

Similar results w-ere obtained with higher 
and low^er doses. Figure 1 shows the sur- 
vival times observed in 40 mice after ad- 
ministration of 1, 1 10 and 1,120 r (settings 
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D and f), and the survival times in 7 mice 
killed out of 10 irradiated with doses of 558 
and 560 r (settings a and f). With the low 
doses, the entire weight range studied cor- 
responds to the sloping segment of the 
curve, whereas with the high doses, the 
plateau extends up to near the upper limit 
of the weight range. 


qualitatively the same as in the zone of the 
acute reaction. Lighter mice die earlier than 
heavier ones in both zones. 

To summarize the influence of weight on 
survival time: In regions where the re- 
sponse changes with varying dose, mice will 
survive longer in proportion to their weight 
after administration of equal doses; or, to 
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Fig, 3. Age and median weight (C57-Biack mice). 


In mathematical terms, the relation be- 
tween survival time and weight, at a given 
dosage, can be expressed as follows: 

2.1 r= 3 -l dtiys {IV 

2.2 T:=kJV {IV>J) 

where T is the sundval time between irradi- 
ation and deadi, IF the weight at the time 
of irradiation, and k and A are functions of 
the dosage. 

For the zones of the subacute and hyper- 
acute reactions we have not enough obser- 
vations to formulate the results quantita- 
tively. It can be stated, however, that in 
these two zones the situation is at least 


obtain equal survival times, the doses have 
to be higher for the heavier mouse. On a 
plateau level, large and small mice die at 
the same time provided the dose is within 
the plateau range for all of the mice tested.* 

weight and age in their relation 

TO EACH OTHER AND TO SENSITIVITV 

The mice used in our experiments were 
up to seven months old, the median weight 
increasing with age as shown in Figure J.f 

• Elllngcr* has found no relation between surs-ivai time and 
weight in goldfish, but he does not state nhether ornot the dosage 
used was within thepiateau range. 

t The median weight divides tlse mice of any given age class 
into a heavy and a light group of equal size. 1 he curve given is 



VoL. 54 , No. 5 


Studies on Roentgen Death in Mice 


459 


From the two known relations, that be- 
t\veen age and weight and that between 
weight and survival time, one can calculate 
the relation between age and survival time. 
This was done for a dosage of 8oo r. Figure 
4 shows the hypothetical curve of the age- 
survival time relation, together with sym- 
bols representing actual observations. Con- 
sidering first only mice twenty-five or more 
days old, we see that the actual observa- 


does not hold true. Infant mice survive a 
given dose considerably longer than adult 
mice (dashed line in Fig. 4). A detailed dis- 
cussion of these anomalous responses will 
be given in a later paper. 

THE MEDIAN SURVIVAL TIME AS A FUNCTION 
OF DOSAGE AND WEIGHT 

Combining the relations between dosage 
and survival time at a constant weight, 



Fig. 4. Survival time and age. Symbols represents individual observations; full lines the trend as pre- 
dicted from the two relations, between survival time and weight, and between weight and age; the dashed 
line the trend found in infant mice. 


tions are near the expected values. The 
amount of scattering is about the same as 
that observed for the weight-survival time 
relation. Thus, age or weight could be used 
equally reasonably to predict the reaction 
of a given mouse to a given dosage. We use 
weight because it leads to a much simpler 
mathematical expression than age would. 

For very young mice, those under 
twenty-five days old, the statement that 
sensitivity decreases with increasing weight 


not identical with the growth curve of any given mouse. Indi- 
vidual growth curves show an inflexion at about 15 gm. which is 
much sharper than that of the “median weight” curve. Also, they 
often show irregular oscillations around the region of inflexion. 


1.2 ... r.Z)' =4.64X10'' . . . (Z)^ii75 r for mice 

of 20 gm.) 

1.3 ...T'=3i days . . . (D>ii75 r) 

and between weight and survival time at a 
constant dosage, 

2.1 . . . T =35 days . . . {fF ^A) 

2.2 ... T=k.W . . . {fF>A) 

we obtain the following formulae for the 
relation between survival time, dosage, and 
weight: 

T.TJ-IW =2.3X10® (Z)-/^'^=6.9 Xio^r-gm~q 
r=3^days (DV^>6.9 Xio-‘r*gm~q 

and, assuming that the survival time- 
weight relation holds true for aU four seg- 
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ments of the dose-response relation^ we get 
the set of formulae: 

2.3 . . . T = 1 1 days 

. , . {D- !W XioV gm~^) 

2.4 ... T.D-jW =2.3X10® 

. . . (2.1 Xio^ <T>-IW T- gm~^) 

2.5 . . . T~ 3 l days 

. . . { 6 .^Xio* <D- /fF Xio^ r-gm-*) 

2.6 ... (log T— 1.05) X (log D'/PF—^.i) =0.25 

. . . (6.7 Xio® 
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6. The observations are scattered around 
the mean, 2,3X10% with a standard devia- 
tion of 19 per cent. The distribution is skew 
but this might not hold true with a larger 
number of observations. A small part of 
the scatter can be traced to the experimen- 
tal factors, errors in the determinations of 
dose and survival time, and incidental 
fluctuations of the weight. However, the 
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Fic. 5. Survival time as a function of the quotient “squared dose over weight.” 


These formulae are represented by heavy 
lines in Figure 5 . 1 he symbols indicate 202 
individual observations in C57-Black mice, 
'fhe agreement between observed values 
and the curve is good, 

quantitative study ot agreement be- 
tween observed and expected values was 
performed for the second, sloping segment 
of the curve. In this zone, the dose-response 
relation is expressed by the formula, 
T.D'/ll' equals a constant. Excluding the 
transitional zones, we And 33 mice in this 
reuion. The actual values, T.D-Jir, ob- 
served in this group, are entered in Figure 


largest part of the deviations, about 17 per 
cent, is unaccounted for. 

DISCUSSION 

The investigation of survival times in 
relation to weight and dosage has demon- 
strated two facts: adult mice of various 
weights show essentially the same reac- 
tions, with identical plateau values; and 
heavier mice are less sensitiv'e than lighter 
ones. For given doses, the quotient of sur- 
vival times equals the quotient of the re- 
spective weights, provided the surviv'al 
times are off the plateaus. 
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As far as we know, no such definite rela- 
tion between body weight and roentgen- 
ray effects has been established before. A 
weight factor like the one we discussed ap- 
pears very commonly in the study of drug 
actions. But it must be remembered that 
the quotient dose (of a drug) per body 
weight, in pharmacology, is analogous to 
the plain dose in total body irradiation. 
Both indicate the average concentration 
of an agent in the body tissues.* Thus, the 
explanation of the protective influence of 
weight is not obvious. 

A possible relation which we have to dis- 
cuss is tlie one between speed of growth 
and sensitivity. It is generally true that the 
faster a tissue grows, the more sensitive it 
is to radiations. It is also true that the 
heavier a mouse is, the slower its growth, 
and the lower its sensitivity to roentgen 
rays. Yet, it is highly improbable that a di- 
rect connection between sensitivity and 
speed of growth exists. The growth curves 
show sharp inflexions around 20 gm., and 
these inflexions turn up whether we con- 
sider the absolute or the relative speed of 
growth. But they are not reflected in any 
comparably sudden change of sensitivity. 
Besides, there is the anomalous behavior of 
infant mice. They respond to irradiation 
less than adult mice, yet their growth is 
very vigorous. Thus, there cannot be any 
simple connection between growth and 
sensitivity. 

SUMMARY 

I. The survival time, after administra- 
tion of constant doses, is proportional to 
the weight, provided the survival time is 
between eleven and one-fourtli and three 
and one-third days. 

* The roentgenological term which compares to the plain 
“dose” in pharmacology is the volume dose, i.e., the integral of 
the dose distribution function over the irradiated volume. In total 
body irradiation, with homogeneous dosage distribution, the 
volume dose equals the product of dose by body weight. 


2. The two plateaus, at eleven and one- 
fourth and three and one-third days, occur 
in adult mice of all weight classes. 

3. The three relations, between age and 
sensitivity, between age and weight, and 
between weight and sensitivity, are con- 
cordant in adult mice. 
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Fig. 6. Distribution of the value “squared dose by 
survival time over weight” in thirty-three C57- 
Black mice. 

4. Infant mice survive longer than adult 
mice after application of the same dose. 

5. Simple mathematical formulae for the 
relations between dosage, weight, and sur- 
vival time are given. 

602 West University Ave., 

Urbana, Illinois. 
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PNEUMOROENTGENOGRAPHY WITH OXYGEN IN THE 
DIAGNOSIS OF INTERNAL DERANGEMENTS 
OF THE KNEE JOINTS 

By SURGEON LIEUTENANT H. H. W. BROOKE, R.C.N.V.R., 

SURGEON COMMANDER W. C. MacKENZIE, R.C.N.V.R., and 
SURGEON LIEUTENANT COMMANDER J. R. SMITH, R.C.N.V.R. 


T he use of contrast roentgenography in 
the diagnosis of internal derangement 
of the knee joint is by no means an original 
subject. Its use as an adjunct to clinical ex- 
amination has been described previ- 
ouslyd”’’*'® 

Because of the frequency with which we 
were encountering disability of the knee 
joint, where the physical examination pre- 
sented little evidence of a pathological con- 
dition and the routine roentgenograms were 
not helpful, we attempted to better visual- 
ize the intracapsular soft tissues of the knee 
by the introduction of oxygen into the syn- 
ovial cavity."* 

At first botli knees were examined simul- 
taneously. It seemed best to carry out the 
bilateral procedure on the first few cases 
until we became well acquainted with the 
normal appearances and variations of the 
knee joint as visualized by pneumoroent- 
genography. 

We do not believe that the procedure 
should be used without serious considera- 
tion or that every case that comes to the 
clinic with knee complaints should be sub- 
jected to it. However, in those cases where 
clinical evaluation is not conclusive, the 
method is thought to have definite diagnos- 
tic value. 

In our series, 25 cases were examined, of 
which 18 knees were thought to show some 
abnormality. Of these 18, three had had 
the meniscus removed previously, and 
the resulting pneumoroentgenograms were 
thought to clearly demonstrate the com- 
plete absence of the meniscus in 2 cases. 
One w.as thought to show a residual portion 
of the posterior segment of a previously 


removed cartilage. This was later proved 
by operation. 

Of the remaining 14 where abnormality 
was demonstrated 10 came to operation. In 
9 cases the operative findings agreed com- 
pletely with the roentgen diagnosis. 

Failure to make the correct diagnosis in 
the tenth case we feel was due to insuffi- 
cient removal of synovial fluid. Thus “fill- 
ing” with oxygen was incomplete and poor 
visualization of the internal structures of 
the knee resulted. We were hesitant about 
giving an opinion in this case, and it dem- 
onstrated to us the need for a good “filling” 
before this procedure can be of diagnostic 
value. 

In an eleventh operative case no abnor- 
mality was demonstrated on the pneumo- 
roentgenograms. However, the clinical 
picture so strongly indicated a pathological 
condition of the medial cartilage that the 
suspected meniscus was exposed by opera- 
tion. A loose segment was found to be at- 
tached to the thin inner edge of the medial 
third of the cartilage. On review of the 
pneumoroentgenograms we did not feel we 
could honestly say the abnormality as 
found at operation was demonstrable on 
the pneumoroentgenograms. 

The remaining 4 patients with abnormal 
findings in the pneumoroentgenograms 
either refused operation or the clinical as- 
pect of the case did not warrant surgery. 

ANATOMICAL CONSIDERATIO.VS 

In studying the knee joint from the 
standpoint of pneumoroentgenography, the 
following anatomical considerations arc 
considered worthy of mention. 


• Frorr! thi Dfpartiner.t’ of Surperj- and Ra.iio'opy, Royal Canadian Naa-y Hospital, Sydney, N. S. 
t Prints of roentcenojrams and pfotographs liv the Royal Canadian Navy Photographic Section. 
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The articular surfaces of the condyles of 
the tibia are smooth areas on the upper as- 
pects of these structures and are sepa- 
rated by the intercondylar eminence. In 
front and behind the latter are roughened 
depressed triangular areas. The mesial ar- 
ticular surface is oval and depressed in the 
center. The lateral is more circular in out- 
line and the central portion tends to be 
slightly elevated rather than depressed like 
the medial one. This results in the lateral 
cartilage being visualized more readily 
than the medial one. The lateral surface is 
prolonged backward and downward over 
the posterior aspect where it comes in con- 
tact with the popliteus tendon. 

The articular capsule is a complicated 
structure. In front, the ligamentous forma- 
tion is made up by an expansion of the 
quadriceps extensor tendon which en- 
sheaths the patella. Below, the central 
fibers form the thick patellar tendon which 
is attached to the tibial tuberosity. The 
more mesial and lateral fibers are attached 
to the anterior aspect of the tibial condyles. 

The back of the joint is covered by a lig- 
amentous network of intersecting bands 
which form a posterior ligament. There is 
an opening laterally for the escape of the 
popliteus tendon. From its attachment, to 
the lateral aspect of the external femoral 
condyle, this tendon runs backward, down- 
ward and medially to emerge from the 
joint posteriorly. 

The medial collateral ligament or the tib- 
ial collateral ligament is a broad flat band. 
It is a true capsular ligament and its upper 
aspect is attached to the medial epicondyle 
of the femur with some fibers merging into 
the adductor magnus tendon. DistaUy the 
ligament is attached to the medial surface 
of the tibia. The deepest fibers of this struc- 
ture have a shorter course and are attached 
firmly to the medial meniscus which is well 
demonstrated in the arthrogram. 

The fibular collateral ligament, on the 
lateral aspect of the joint, is a cord-like 
structure that is definitely separated from 
the capsidar ligatnent. It is attached above 
to the lateral epicondyle of the femur 


and below to the head of the fibula. 
The true capsular fibers have a definite 
space between them and the fibular col- 
lateral ligament. The outer fibers of the 
capsular ligament are shorter and weaker 
and bridge the space between the femoral 
and tibial condyles. The inner fibers are at- 
tached loosely to the periphery of the 
lateral meniscus except in its posterolateral 
aspect where the popliteus tendon separates 
these two structures. 

The intra-articular ligaments are the an 
terior and posterior cruciate ligaments 
which are invested by the synovial mem- 
brane extending from the posterior aspect 
of the joint. 

The anterior cruciate ligament arises 
from the mesial aspect of the roughened tri- 
angular surface between the anterior aspect 
of the two tibial condyles and run upward, 
backward and laterally to be inserted into 
the medial non-articular surface of the lat- 
eral femoral condyle. The posterior cruci- 
ate ligament arises from the lateral aspect 
of the posterior non-articular surface and 
runs upward, forward and medially to be 
inserted into the lateral non-articular sur- 
face of the medial condyle of the femur. 

The two menisci or semilunar cartilages 
are interposed between the femoral and tib- 
ial condyles. Each is a wedge-shaped cres- 
centic fibrocartilage. The thick outer bor- 
ders are bound down to the peripheral mar- 
gins of the articular surfaces of the tibial 
condyles by the short fibrous coronary liga- 
ments. These borders are also fused to the 
deep aspects of the medial and lateral cap- 
sular ligaments. Thus, the medial meniscus 
is much more firmly attached to the corre- 
sponding collateral ligament than the lat- 
eral as previously described. 

The synovial membrane is extensive and 
invests all surfaces. The joint is partially 
subdivided by these investments into upper 
and lower compartments by the menisci 
and into medial and lateral compartments 
by the patellar folds in front and the cruci- 
ate ligaments behind. This is of importance 
in the removal of fluid in preparation for 
the introduction of oxygen as these subdi- 
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visions tend to hold collections of fluid and siscant slowlv releases the oxrgen until the 
thus prohibit good soft tissue visualization. s}Tinge plunger is pushed back to the 50 cc. 

ihree large recesses are usually iound: or desired mark. The valve is then turned 
the siyrapatellar synovial pouch and one so that the syringe communicates with the 
behind each femoral condyle. There is an spinal needle and joint cavicv. It is neces- 
extension of the.synovial pouch of varying sary that the syringe plunger be dry so that 
lengths along the popliteus tendon as it any change in the resistance necessary to 
leaves the joint. This extension communi- inject oxygen into the joint may be easily 
cates occasionally with the sy’^novial cavity’’ detected. It is for this reason that a sepa~ 
of the upper tibiofibular articulation. Addi- rate sy'ringe is used for attempting aspira- 
tion ai bursae or recesses are described in tion. 


textbooks of anatomy but are not usuallv 
seen in the pneumoroentgenograms. 

SURGICAL CONSIDERATIONS 

Introduction of oxy^gen into the knee 
joint, while a minor surgical procedure, 
should be carried out in the operating room 
under aseptic technique. 

The anterolateral approach to the joint 
has been used in all our cases. A point is 
taken on a level with the superior margin 
and about i cm. lateral to the lateral border 
of the patella. Under local novocain infil- 
tration, a No. 20 gauge spinal needle is in- 
serted into the skin at this point and di- 
rected downward and medially’’ toward the 
center of the patella. On entering the joint, 
a diminution in resistance is noted much as 
in a spinal puncture. A spinal needle is used, 
because, due to its length, it is more easily 
directed and the stylet insures less damage 
to tissue. 

When the joint has been entered, a syr- 
inge is applied and an attempt at aspiration 
is made. This should always be done, as un- 
satisfactory’ filling with oxy’gen will occur if 
there is increased fluid present. 

Following attempted aspiration a 3-way 
stopcock is attached to the spinal needle. 

A sterile length of rubber tubing is inserted 
into one of the apertures of the stopcock 
by means of a glass or metal connecting 
piece, and the other end is handed to an or- 
derly who attaches it to the outlet of an 
oxygen tank. 

A dr\' 50 cc. glass syringe is now inserted 
into the other aperture of the stopcock. 
With the valve placed so that the oxygen 
tank communicates with the syringe, an as- 


As the first part of the oxygen is being 
injected it has been found useful to note the 
medial parapatellar sulcus for bulging. This 
bulging, together with the ease with which 
the gas is injected, will indicate that the 
oxygen is entering the joint satisfactorily. 
Also, tapping the patella to elicit resonance 
is useful, and this sign is present after tlie 
injection of a very’ few cubic centimeters of 
oxy’gen. 

It has been found that about 100 to I40 
cc. is the optimum amount of oxygen nec- 
essary' for good filling. However, as we pro- 
gressed in our series, good filling was best 
obtained where our experience allowed us 
to assess the general bulging about the joint 
and the quality of resonance elicited on 
tapping the patella, rather than by' inject- 
ing a measured quantity of oxygen. 

Collodion is applied to the needle punc- 
ture site, and the patient taken to the 
roentgen department on a stretcher, ar- 
rangements having been made previously 
so that as short a time as possible elapses 
between injection of the oxygen and the 
taking of the pneumoroentgenograms. This 
time factor was not at first thought to be 
important, but we are satisfied tliat opti- 
mum roentgenological visualization is best 
obtained as soon as possible after the intro- 
duction of the gas. 

Following roentgen examination the pa- 
tients are returned to the ward with crepe 
bandages firmly applied. They' are allowed 
up and about on the following day with no 
restriction of activities. Resonance on tap- 
ping the patella is present tor about three 
to four days. 

One patient developed an effusion four 
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days following the introduction of oxygen. 
Forty cubic centimeters of turbid fluid was 
aspirated. Large numbers of polymorpho- 
nuclear cells were present, but no organ- 
isms were found on smear or culture. Swell- 
ing regressed following aspiration and did 
not recur. No other complications following 
pneumoroentgenography have been en- 
countered. 

In 2 of our cases poor filling with gas was 
present in the symptomatic knee. Pneumo- 
roentgenography was repeated, and in both 
cases abnormal amounts of fluid were pres- 
ent. Aspiration and reinjection of gas pro- 
duced excellent pneumoroentgenograms. 
Thus, whether the presence of increased 
fluid content is suspected or not, aspiration 
should be attempted in every case prior to 
injecting oxygen. 

PNEUMOROENTGENOGRAPHIC TECHNIQ.UE 

A tight elastic bandage is applied to com- 
press the suprapatellar recess and thus 
force as much gas as possible down into the 
joint space proper. The bandage should be 
applied starting well up above the knee 
gradually working down to include at least 
the upper half of the patella. 

The exact position of the knee joint is lo- 
cated under the roentgenoscope and is well 
marked on both sides with skin pencil. It is 
considered better to apply the bandage be- 
tore roentgenoscopy because of the relative 
change in position of skin and bone struc- 
tures caused by the tight bandage. At this 
point it should be stated that if the knee 
joint does not appear to be well filled with 
gas under the roentgenoscope there is litde 
use in going further with the examination. 
Careful observation at this time will save 
the roentgenologist considerable time. 

The knee is next placed in an anteropos- 
terior position over a specially built curved 
cassette holder (Fig. i) which allows ap- 
proximately 30° flexion of the joint. This 
dorsal position with the 30° flexion of the 
knee produces a spread of the joint space 
and thus better visualization of the internal 
sott tissue structures. It is believed that the 
curved film distorts the image in such a 


manner that the knee joint proper is wid- 
ened to an appreciable extent. It is also 
considered that the use of the dorsal posi- 
tion and the curved cassette results in 
closer apposition of the joint to the film 
which allows finer detail on the pneumo- 
roentgenogram. In this position it is easy to 
take the external and internal rotation 



Fig. I. The curved cassette holder with the cardboard 
film folder in place under the knee joint. 


oblique views with a maximum of comfort 
and a minimum of movement. 

The choice of the actual projections used 
rests with the roentgenologist concerned. 
Our routine projections were aU stereo- 
scopic sets in the dorsal, 45° external rota- 
tion, 45° internal rotation and true lateral 
views. 

It was only after considerable experiment 
in different positions both with and without 
the curved cassette holder and in various 
projections that it was decided to use the 
above technique. The positioning as de- 
scribed by Cullen and Chance- was tried 
on a number of our cases. We found it gave 



466 


H. H. W. Brooke, W. C. MacKenzie, and J. R. Smith Novhmbbk, ,34 


good visualization of one meniscus; how- 
ever, it left much to be desired in demon- 
strating the other meniscus of the joint in 
question. Thus, since there is frequently 
some doubt as to which meniscus is in- 
volved the procedure is not used routinely. 

All exposures were made with an exten- 
sion cone of 10 cm. diameter at 30 inch focal 
skin distance, with 60 to 63 kv. (peak) at 
100 to 125 ma-sec. on extra-speed film in 
cardboard holders. Where non-screen high 
speed film was used, which gave us better 



Fig. 2. The pneumoroentgenogram of the right knee 
demonstrates the angulated uninterrupted air col- 
umn extending along the tibial collateral ligament 
and the increased density between the lateral 
halves of the articular surfaces of the medial con- 
dyles. 

soft tissue detail, 20 to 30 ma-sec. proved to 
be sufficient with the other factors un- 
changed. The central ray is projected 
through the previously marked joint space 
which requires a 10 to 15 tilt of the tube 
cephalad. 

INTERPRETATION OF THE NORMAL PNEUMO- 
ROENTGENOGRAM OF THE KNEE JOINT 
In the pneumoroentgenogram the car- 
tilaginous covering of the bony articular 
surfaces is usually well demarcated and it 
is smooth and evenly distributedj^over all 
areas. 

The numerous synovial folds and pro- 
longations are best visualized in the lateral 
position. The most readily demonstrated 
are those behind the infrapatellar fat pad 
and in the posterior aspect of the joint. The 
suprapatellar recess contains a surprising 
amount of gas considering the pressure 
witli which the bandages are applied as 


demonstrated in the left knee of Figure 4. 
Good filling of the pouch behind each 
femoral condyle is usually procured. 

In the anteroposterior view the medial 
cartilage is not as well outlined in its en- 
tirety as the lateral, as illustrated in the 
right knee of Figure 4. This is due to its 
firmer attachments to the tibial collateral 
ligament which is well demonstrated. The 
short coronary ligaments bind this cartilage 
down tight to the tibial articular surface. 
Occasionally one sees a small air pocket un- 
der the mesial periphery of the cartilage as 
visualized in the left knee of Figure 7. The 
superior surface of the cartilage is really the 
only one well outlined and it can usually 
be easily differentiated from the articular 
surface of the medial femoral condyle again 
seen in the left knee of Figure 7. Normally 
the anterior and posterior horns of this 
cartilage are hard to demonstrate. 

The lateral semilunar cartilage is usually 
better outlined than the medial. Its attach- 
ment to the lateral aspect of the capsule is 
visualized but is not as broad or firm as the 
corresponding one of the medial cartilage. 
An air column is usually seen to follow the 
popliteus tendon up behind these loose lat- 
eral attachments. This column demon- 
strates well the lack of fibers attaching the 
lateral meniscus to the lateral ligament of 
the capsule because of the interposition 
of the tendon. This is best seen in the 
oblique views of the left knee of Figure 3. 

This cartilage frequently appears to ride 
higher in the joint space having only its 
weak lateral and its mesial anterior and 
posterior horn attachments. Thus both the 
superior and inferior borders of the menis- 
cus are well visualized. 

The cruciate ligaments can usually be 
demonstrated in respective positions. Ihe 
anterior running upwards and laterally, the 
posterior upwards and medially. Ihe latter 
is usually better visualized because of its 
more “end on” projection. 

INTERPRETATION OF THE ABNORMAL P.VEU- 
.MOROENTGE.N’OGRAM OF THE KNEE JOINT 

I- Avulsion oj the Internal Cartilage Jrotn 
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toms of internal derangement of the knee 
were not exhibited. In some instances the 
acute symptoms had subsided and the 
physical examination presented very little 
evidence of a pathological condition. Thus 
we were dependent to a great extent on the 
history of previous episodes. In an attempt 
to avoid long periods of observation in the 
hospital, these patients were subjected to 
oxygen pneumoroentgenography. It is be- 
lieved that this procedure has facilitated 
an early decision relative to surgery in these 
cases. 

We have found the following points to 
be of diagnostic value in the interpretation 
of pneuinoroentgenogramsof the kneejoint: 

I. Roughening and narrowing of carti- 
lage surfaces, either articular surface cover- 
ings or the semilunar cartilages as visual- 
ized in the left knee of Figures 4 and 5. 

а. Uninterrupted gas columns along the 
inner aspect of the collateral ligaments of 
the joint where capsular structure should 
be firmly attached to the periphery of the 
menisci. This is demonstrated in Figures 2, 
4 and 7. The normal gas column presented 
on the posterolateral aspect of the knee 
joint by the popliteus tendon should be 
kept in mind. 

3. Increase in the soft tissue (increased 
density) in the intercondylar or non-articu- 
lar region of the joint with a corresponding 
lack of density in the lateral or medial re- 
gion, as demonstrated in Figures 2 and 4. 

4. Separation of the meniscus shadow 
irom the contiguous bone structures illus- 
trated in Figure‘3. 

5. Loose or semi-loose bodies calcified or 
otherwise shown in Figure 4. 

б . Joint space narrowing as visualized in 
Figure 4. 

7. Exostosis and eburnation of the ar- 
ticular surfaces as seen in Figures 4 and 5. 

The last three findings can be demon- 
strated on routine reontgenograms of the 
knee. In eacli of our cases the ordinary 
roentgenograms were taken and although 
such conditions were suspected they were 
by no means as convincingly demonstrated 
as following the introduction of oxvgen. 


This is more applicable to cases with early 
pathological changes of these t,vpes. 

It has been of interest to us to demon- 
strate that the amount of cartilage left 
along the capsular attachment in the 
bucket-handle fracture has been much 
less than we would anticipate from the ap- 
pearance of the pneumoroentgenogram. 

The lack of mention of any cruciate ab- 
normality will of course be noted. None of 
our cases thus far encountered were 
thought to demonstrate definite cruciate 
abnormality on the pneumoroentgeno- 
grams nor were any such lesions found at 
operation. Thus, we are unable to give any 
information at this time with reference to 
cruciate ligament injury, 

CONCLUSIONS 

1. Oxygen pneumoroentgenography is 
a useful adjunct in the diagnosis of ob- 
scure in ternal derail gemen ts of the kneejoin t. 

2. It should not be used routinely but 
only in those cases which present a difficult 
diagnostic problem. 

3. Calcified and more especially non-cal- 
cified loose or semi-loose bodies (joint mice) 
are clearly demonstrated. 

4. The procedure when performed under 
aseptic surgical conditions carries little risk 
of complications. 

5. The use of the curved cassette holder 
and multiple stereo projections has, in our 
opinion, increased the accuracy and useful- 
ness of this procedure. 
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MINIATURE CHEST FLUOROGRAPHY WITH 

CONTROL STUDY* 

By HARRY HAUSER, M.D., W CARROLL C, DUNDON, M.D, 

CLEVELAND, OHIO 


M any reports have appeared in the 
literature in.rec-ent years to indicate 
the value of miniature chest fluorography 
for the detection of pulmonary tubercu- 
losis. Relatively few studies have been 
made to confirm the accuracy of this 
method by simultaneous roentgenography 
with the conventional 14x17 inch film. 
Potter, Douglas and Birkelo® examined 
1,610 clinic attenders in this manner using 
single 4x5 inch films as the miniature re- 
cord. These patients either had symptoms 
of tuberculosis, had been exposed to it, or 
had had a positive skin test for tuberculosis. 
There was only a 2.6 per cent error in de- 
tecting 271 cases with active tuberculosis 
as found on the full size film. Bridge^ found 
259 cases of significant tuberculosis out of 
1,000 consecutive cases examined by single 
4x5 and I4 X 17 inch films in a tuberculo- 
sis dispensary. Two, or 0.77 per cent, of 
these cases were missed on the miniature 
films and of the 130 minimal lesions, 2, or 
1.5 per cent, were in error on the smaller 
films. Plunkett, Weber and Katz'* exam- 
ined 1,000 patients in a mental hospital 
utilizing 35 mm., 4x5 and 14x17 inch 
films on each subject. On the 35 mm. films 
91.8 per cent of clinically significant tuber- 
culosis was detected and on the 4x5 inch 
films 98.3 per cent was found. In this study, 
the detection of minimal lesions was ac- 
curate in 82.6 per cent in the 35 mm. and 
96.6 per cent in the 4x5 inch films. 

The purpose of this communication is to 
submit further evidence of the accuracy of 
findings in 1,000 subjects consecutively 
examined by the 4x5 inch miniature meth- 
od in comparison with the 14 x 17 inch film 
used in regular practice. It is generally 
agreed that the use of stereoscopic 14 x 17 


inch roentgenograms is the most accurate 
method for the diagnosis of minimal pul- 
monary tuberculosis. Christie^ and de Lori- 
mier® are of the opinion that stereoscopic 
4x5 inch fluoroscopic roentgenograms are 
of greater diagnostic accuracy than a single 
14x17 inch roentgenogram because the 
shift of the roentgen tube will uncover 
small lesions hidden under the rib shadows. 
The present study indicates that even the 
single 14 X 17 inch roentgenogram is super- 
ior in diagnostic qualities to the stereo- 
scopic 4x5 inch miniature. 

A photoroentgen unit was installed in the 
Department of Roentgenology at the Uni- 
versity Hospitals of Cleveland to reduce 
the cost entailed in examining the chests of 
employees who constitute an unselected, 
apparently healthy adult group. While it 
was realized that the 35 mm. unit has cer- 
tain advantages over other types of minia- 
ture apparatus, such as in reduced cost, 
speed of operation and smaller filing space 
of films, the 4x5 inch type was neverthe- 
less selected because it seemed to be more 
practicable for our purpose based on the 
experience of other workers (Christie, de 
Lorimier, Plunkett, Weber and Katz, 
Bridge, and Potter, Douglas and Birkelo). 
The cost of the smaller film is about one- 
sixth that of the conventional size without 
consideration of the saving in processing. 

Miniature and large roentgenograms 
were simultaneously obtained on the first 
thousand asymptomatic subjects consecu- 
tively examined. 

TECHNIQUE 

Experimentation with this new method 
of examining chests demonstrated that cer- 
tain technical factors are more exacting 


’ From t)ie Department of Roentgenology of The University Hospitals of Cleveland and the Schiwl of Medicine of WestCTn Reserve 
University. Presented at the Joint Meeting of the American Roentgen Ray Society and the Radiological SfRncty of North America, 
Chicago, 111 ,, Sept. 24-29, 1944. 
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than in conventional roentgenography in 
order to obtain satisfactory results. Em- 
phasis -is placed on accurate measurements 
of the anteroposterior diameter of the chest 
for variations in kilovoltage and on precise 
centering of the patient’s chest against the 
screen support. The only variable factor is 
peak kilovoltage which ranges between 61 
and 74. The constant factors include a cur- 
rent level of 300 milliamperes, 42. inch focal- 
screen distance, 5 second exposure time, 
fine mesh stationary grid (50 lines per inch) 
and single emulsion film. The apparatus 
employed is the photoroentgen unit manu- 


provement in contrast. We have found that 
a slight increase in kilovoltage over the 
measured normal with developing time the 
same as for the average roentgenogram pro- 
duces a slightly “underdeveloped” appear- 
ing film of improved diagnostic qualities. 

The roentgenographic . apparatus used 
in conjunction with the photoroentgen unit 
consisted of a General Electric K x 8 500 
milliampere transformer with impulse timer 
and rotating anode tube of 2 mm. focal 
spot. 

A specially designed stereoscope (ortho- 
stereoscope) is used for viewing 4x5 inch 


Table I 


Original Interpretation 



Wxir 

Errors 

17" 

4" X 5 " 

Errors 

4" X 5" 

Minimal pulmonary tuberculosis 

23 

I 

20 

4 

Classification of Lesions After Review 

Active minimal tuberculosis 

17 

0 

16 

1 

Inactive minimal tuberculosis 

7 

0 

7 

0 


factured by the General Electric X-Ray 
Corporation for stereoscopic 4x5 inch 
films (single film in 4 x 10 inch holder). The 
fluorescent screen is composed of large 
crystals of zinc sulphide which has seven 
times greater illumination than the ordi- 
nary fluoroscopic screen. The camera lens is 
rated at F 1.5. Our own experiments with 
single and double emulsion films with and 
without a grid corroborate tlie findings of 
Potter® and de Lorimier® in that the most 
satisfactory roentgenogram from the stand- 
points of contrast and detail is obtained 
with the single coated film in conjunc- 
tion with a grid. Equivalent results are ob- 
tained with either the Eastman or DuPont 
brand of film. Examinations of chests with 
anteroposterior diameters greater than 25 
cm. were rejected since our experience, as 
well as others (PindelP), has shown results 
to be uniformly poor. 

Film manufacturers have advocated a 
slight increase in developing time for im- 


stereoscopic photoroentgenograms, giving 
the viewer the effect of scanning a I4 x 17 
inch roentgenogram at a 40 inch distance. 
The position of the lenses is fixed in relation 
to films with adjustment allowed for differ- 
ent interpupillary distances. 

STATISTICS 

The interpretations of the two sizes of 
roentgenogram were equally divided be- 
tween the authors and the results compared 
later. One of us made reports on the first 
500 fluorograms while the other interpreted 
the large roentgenograms made on the 
same employees. The procedure was re- 
versed between us for the second series of 
both types of roentgenograms. Recordings 
were made on form sheets according to 
Hodges.^ 

In the interpretation of the miniature 
roentgenograms, the lesions were not classi- 
fied as active or inactive. Only after review 
of the two sets of roentgenograms was this 















47 ^ 


Harry Hauser and Carroll C. Dundon 


NoVKlfBER 


1 ’ 9-)5 


classification made (Table i). Of the cases 
examined 602 were females and 398 were 
males. The average age for both sexes was 
twenty-nine years^ the females being 
twenty-six and the males thirty-three. The 
oldest was seventy-two and the youngest 
fifteen years of age. There were 24 cases of 
pulmonary tuberculosis, all of minimal ex- 
tent, in the 1,000 subjects examined. Of 
these 24 cases, ii were females and 13 were 
males. This incidence is higher than is or- 
dinarily found in the adult population at 


Table II 



' 14" w-]" 

4 '’x 5 ^ 

Small shadows incorrectly 



called questionable tuber- 



culous lesions 

4 

6 


large and may be accounted for by the 
large number of student nurses in this 
group. 

One error was made in the interpretation 
of the 14 X 17 inch roentgenogram while 4 
errors were accounted for in the group of 
miniatures. In the review study, the lesions 
were classified as active and inactive mini- 
mal lesions, there being 17 of the former 
and 7 of the latter group (Table i). Only 
one error was found on a miniature after 
the roentgenograms had been carefully 
compared. This roentgenogram failed to 
demonstrate the lesion even though it was 
readily observed on the large roentgeno- 
gram. The reason was due to a slight differ- 
ence in angulation. 

In this study there were several small 
shadows called questionable tuberculous 
lesions which on review proved to be incor- 
rectly interpreted (Table ii). Two of these 
shadows proved to be blood vessels seen on 
cross section. Four others were calcified 
tuberculous loci. One of these cases was 
incorrectly interpreted on both the 14 x 17 
and 4 X 5 incli roentgenograms. Such shad- 
ows, even though considered a questionable 
lesion, should be checked by large roent- 
genograms until greater experience in this 


t3’'pe of work is gained. 

A considerable number of diseases of the 
chest other than pulmonary tuberculosis 
were also found in this study. They include 
diseases of the heart and great vessels, 
pleural scarring, anomalies, pneumonia, 
acquired bone lesions, mediastinal masses, 
scoliosis, sarcoidosis, fibrosis of the lung, 
bronchiectasis, spontaneous pneumothorax 


Table III 


Diseases of heart and 




great vessels 

22 

Scoliosis 

5 

Pleural scarring 

18 i 

Sarcoidosis 

0 

Anomalies 

17 

Fibrosis of lung 

0 

Pneumonia 

10 

Bronchiectasis 

I 

Acquired bone lesions 

7 

Spontaneous pneu- 




mothorax 

I 

Mediastinal mass 

5 

Lung tumor 

1 


and lung tumor. Table iii gives the number 
of these lesions. 


SUMMARY 

1. Many studies have been made to indi- 
cate the value of miniature chest fluorog- 
raphj’", but only a few comparison studies 
with 14x17 inch roentgenograms have 
been reported. 

2. Further evidence is submitted as to 
the accuracy of stereoscopic 4x5 inch min- 
iature fluorography by the examination of 
the chests of 1,000 symptomlcss adult 
hospital employees with conventional roent- 
genograph ic control. 

3. Precision in technique is necessary in 
miniature fiuorography if satisfactory re- 
sults are to be obtained. 

4. d'wenty-four minimal pulmonary tu- 
berculous lesions were detected in 1,000 
examinations. Imur errors were made in the 
first interpretation of the miniature films. 
Only one error was recorded on review of 
both sixes of films indicating the accuracy 
of the method. 

5. Experience in the intcr})retation of 
miniature films is necessary lor the highest 
degree of accuracy. 

20^)? Adclbcrl Kond, 

Cleveland, Ohio. 
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MILIARY CARCINOSIS OF THE LUNGS SECONDARY 
TO PRIMARY CANCER OF THE GASTRO- 
INTESTINAL TRACT 

By GORDON J. CULVER, M.D. 

Buffalo General Hospital 


BUFFALO, 

IV^ILIARY carcinosis of the lungs from 
cancer of the gastrointestinal tract, 
biliary tract and pancreas is not common. 
There are certain pathologic and anatomic 
reasons for this. These will be discussed 
briefly and then the necessary variations 
to produce miliary carcinosis will be formu- 
lated. 

Of course, miliary carcinosis to the lungs 
requires blood stream dissemination of 
tumor cells to the right heart. Venous 
return from the gastrointestinal tract and 
associated structures passes by the portal 
vein -to the capillary bed of the liver which, 
at least theoretically, should filter out 
tumor cell emboli in most instances with 
subsequent formation of secondary liver 
lesions. Thus, by this route, the tumor 
cells would not reach the pulmonary 
circulation. Lymphatic spread or direct 
extension alone could not possibly account 
for miliary pulmonary distribution. Pul- 
monary spread by lymphatics through the 
diaphragm could occur but the appearance 
in this case would not be that of miliary 
carcinosis either roentgenographically or 
pathologically. Rather, it would resemble 
the lymphatic pulmonary extension seen in 
cancer of the breast. Metastatic spread of 
cancer of the gastrointestinal tract is 
predominantly lymphatic as in other ma- 
lignant tumors of epithelial origin. Such a 
spread is first to the regional lymph nodes. 
From there extension to the thoracic duct 
may occur with any degree of extension up 
this trunk. This extension into the neck 
accounts for the occurrence of a Virchow’s 
node in malignant tumors of the gastro- 
intestinal tract. Tumor cell emboli may 
pass from the thoracic duct to the left 
subclavian vein, to the left innominate, to 
the superior vena and then to the right 


NEW YORK 

heart where a massive blood stream dis- 
semination to the lungs may occur. By this 
mechanism outlined above we have our 
first metliod of pulmonary miliary car- 
cinosis from the gastrointestinal tract, 
A second method is perhaps more com- 
mon. If an extension from a primary 
gastrointestinal malignant tumor invades 
the liver and then the hepatic veins, 
multiple tumor cell emboli may enter the 
venous circulation and pass directly to 
the right heart and then to the pulmonary 
fields. Such a condition may be set up by 
direct extension to the liver as in cancer of 
the gallbladder or by secondary blood 
stream metastases by the portal circulation 
to the liver. Actual invasion of the hepatic 
veins can usually be demonstrated patho- 
logically in these cases which show spread 
to the lungs. 

It must be noted at this time that either 
of the above mechanisms may result in 
isolated pulmonary metastases and it is 
only when a large shower of tumor cells 
passes into the circulation that we have the 
necessary condition set up for an actual 
miliary carcinosis. Also we may have all 
variations between an isolated metastasis 
and a miliary carcinosis. This paper deals 
only with cases which exhibited a definite 
miliary carcinosis. 

Secondary pulmonary extension may in 
some cases somewhat obscure the primary 
picture. This extension may be lymphatic 
or even bronchiogenic as tumor cells invade 
the alveoli and smaller bronchi, 

Achard, Bariety, Desbuquois and Stern- 
feld^ in 1931 published a case of miliary 
carcinosis from a cancer of the stomach 
in which they concluded that the metas- 
tases were entirely of lymphatic spread, 
Desbuquois' published a second similar 
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case in 1935 with similar conclusions. Such 
a t>'pe of spread is not generally thought of 
in miliary carcinosis to the lungs although 
secondary involvement of pulmonary lym- 
phatics is not uncommon, as has been 
mentioned previously. It would seem that 
anatomically a true miliary carcinosis 
must depend on bloodstream dissemination 
through the right heart, the same as in 
miliary tuberculosis. 

CASE REPORTS 

Case 1. Mrs. L. D., female, white, aged sixty- 
three, admitted to the hospital on December 8, 
1935. For one year previous to admission the 
patient had had intermittent dull pain in the 
left costovertebral angle and interscapular 
areas. She had also had occasional low abdom- 
inal pain. During the year prior to admission 
she had lost 20 pounds in weight and had noted 
increasing fatigability and loss of appetite. 

Physical R^^avwialion, Temperature, pulse 
and respirations were normal. The patient ap- 
peared somewhat emaciated and slightly icteric. 

The examination of the chest was essentially 
negative. The left lobe of the liver was palpable 
and slightly tender. 

Laboratory Fmdujgs. Urinalysis showed pres- 
ence of bile; otherwise, negative. Red blood 
count 4,900,000; hemoglobin 100 per cent; 
white blood count 15,000, with 75 per cent 
polymorphonuclear cells with a moderate left 
shift. Icteric index 50 per cent; van den Bergh 
test 6.4 mg. per 100 cc. Stools were negative for 
occult blood, positive for bile. 

Roeyjtgen Findings. On December 8, 1939, the 
gastrointestinal tract was examined and except 
for diverticulosis in the sigmoid colon no patho- 
logical condition was noted. The gallbladder 
was studied with oral dye and no function was 
noted. Chest examination on December 13 
showed evenly distributed soft infiltrates 
throughout both lung fields varjdng from pin- 
head size to pea size. The distribution was that 
of a hematogenous spread. 

Cowse. The patient remained in the hospital 
until December 23, 1939, at which time she was 
discharged, condition the same as on admission. 
The patient remained at home until IMarch 8, 
1940, at which time she was re-admitted to the 
hospital. During her stay at home her jaundice 
had become increasingly intense and she had 
had continuous pain in the left costovertebral 


angle. She had also noted increasing weakness. 
During the week previous to admission, nausea 
and vomiting liad become prominent symptoms. 
Physical examination at this time showed 
marked increase in her degree of jaundice. Chest 
showed some dullness in the right base and 
numerous fine rales throughout the right chest. 
The abdomen was distended and physical find- 
ings of free fluid in the abdomen were demon- 
strable. The patient was markedly tender in the 



Fig. 1. Case 1. Roentgenogram of the chest. 


left flank and in the left costovertebral angle. 
She showed pitting edema of both feet and 
ankles. 

Laboratory Fwdhigs at Seco 7 id Fxamination. 
Urinalysis showed two plus albumin; positive 
for bile. Red blood count 3,000,000; hemo- 
globin 79 per cent; white blood count 34,000, 
with 93 per cent polymorphonuclear cells with 
a rather marked left shift. Icteric index 100 per 
cent plus; van den Bergh test ii.2mg. per 100 
cc. Stools showed four plus occult blood on all 
occasions. 

The patient’s course in the hospital was pro- 
gressively retrogressive and she died on March 
16, 1940. 

Perthient Autopsy Findings: Prosector — Dr. 
Kenneth Olsen. Primary cancer of the gall- 
bladder with direct extension to the liver and 
diffuse metastases throughout the liver. Diffuse 
interstitial fibrosis of the pancreas. Diffuse 
evenly distributed pea-sized metastases were 
noted throughout all lobes of the lungs. 

Pathological Diagnosis. Primary cancer of the 
gallbladder with direct extension to the liver 
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and with diffuse metastases to the liver and 
lungs. 

Case ii. D. R., female, white, unmarried, 
aged thirty-nine, admitted to the hospital on 
September ii, 1941. The patient had been pre- 
viously admitted in December, 1935, with an 
acute nonspecific ulcerative colitis. She had a 
second admission in June, 1939, at which time 
a pseudomucinous cystoma of the right ovary 
was removed. One month prior to this admis- 


showed a slight left shift. Glucose, urea, album- 
in, globulin, phosphorus and calcium normal. 
Icteric index and van den Bergh normal. Phos- 
phatase normal. Sedimentation rate 23 mm. 
corrected. Gastric analysis showed free HCl 
present; no acid-fast bacilli after concentration. 
Stools were negative for occult blood. 

Roentgen Studies. Flat roentgenogram of the 
abdomen did not reveal any abnormalities. 
Gastrointestinal tract was studied completely 
but there were no abnormal findings, Genito- 



Fig. 2. Case ii, y/, roentgenogram of the chest taken September 16, 1941. roentgenogram taken on No- 
vember 28, 1941. Comparison of these two roentgenograms shows the progress of the lesions and their 
tendency toward confluency. 


sion the patient developed periodic attacks of 
generalized cramp-like abdominal pain which 
graduallj'- increased in severity. Associated with 
this was increasing anorexia and constipation. 
During this month the patient lost 1 5 pounds in 
weight. For the four days before admission the 
patient had had repeated emesis. 

Physical Examination. Temperature 99° F,; 
pulse 96; respirations 20. The patient did not 
appear acutely ill nor did she show evidence of 
marked weight loss. The abdomen revealed a 
well healed midline scar. There was moderate 
generalized abdominal tenderness. No physical 
findings were noted in the chest. 

Laboratory Findings. Urinalysis showed a 
trace of albumin on several occasions. Red 
blood count §,570,000; hemoglobin 91 per cent; 
white blood count 10,750; differential count 


urinary tract was studied by retrograde pyelog- 
raphy which appeared normal, 7 'here was 
practically no visualization of the gallbladder 
by oral cholecystography. No stone shadows 
were discernible. The most remarkable findings 
were in the chest which on .September 16, 1941, 
showed evenly distributed small mottled densi- 
ties throughout both lung fields. 7 'hey varied 
from pin-head size to pea size. Some areas 
tended toward confluency. The appearance was 
that of a blood stream spread of an infiltrative 
process to the pulmonary tissue, inpression: 
Miliary carcinosis. 

A roentgenogram of the chest on October 6, 
1941, was similar to the previous examination 
except for progress in size of lesions and more 
confluency. Chest roentgenogram on November 
28, 1941, showed further progress of chest lesions. 
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G. 3. Case II, /f, cut section of liver showing massive involvement with metastatic tumor. Clamp holds 
vein apart at point of invasion by the new growth. B, portion of lung showing the character of the meta- 
static nodules. Several exhibit central necrosis. C, photomicrograph of section of lung. 
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Operation. October lo, 1941, Exploratory 
laparotomy — high right rectus incision. Firm 
carcinomatous mass was felt in the region of the 
gallbladder neck and cystic duct. A large gall- 
bladder was opened and a large amount of thick 
mucopurulent exudate was removed. Biopsy 
was taken from the region of the cystic duct. 
The gallbladder was drained. 

Comse. Following surgery the patient’s 
wound healed well. However, her course was 
progressively retrogressive and she died on 
December 29, 1941. 

Pertinent Autopsy Findings. Prosector — 
Dr. Everett Wesp. Primary adenocarcinoma of 
the gallbladder with extension to the liver, com- 
mon and cystic ducts and the peritoneum. The 
liver was enlarged and contained many cherry 
to plum-sized metastatic nodules and one huge 
conglomerate metastasis in the superior portion 
of the right lobe. This huge nodule showed cen- 
tral necrosis and definite invasion into the veins. 

All lobes of the lungs had an almost solid in- 
filtration of innumerable pea to bean-sized 
metastatic nodules, some showing central necro- 
sis. The nodules contained a large amount of 
string}’’ mucoid material similar to that noted in 
the primary tumor. The tracheobronchial 
lymph nodes did not show metastases. 

Case hi. B. T., male, white, aged forty-five, 
admitted to the hospital on December i, 1941. 
For .seven years prior to admission the patient 
had had a very suggestive peptic ulcer history 
with several instances of hematemesis. He had 
been in the hospital in November, 1940, fol- 
lowing a rather severe gastric hemorrhage at 
which time a roentgen diagnosis of benign ul- 
ceration high on the posterior wall was made. 
The cliest was roentgen oscoped during this 
same examination and no gross abnormalities 
were noted. Ulcer therapy was instituted and 
after a period of about one month the patient 
was discharged from the hospital with condi- 
tion markedly improv’ed. Red blood count and 
hemoglobin were at normal levels at the time of 
discharge. The patient was symptom free at dis- 
charge and until two months prior to his last 
admission when he dcv’elopcd anorexia and a 
feeling of fullness in the epigastrium. Food and 
alkalies were only of slight value in the relief of 
symptoms. A few weeks after return of abdom- 
inal complaints the patient began to experience 
dyspnea associated with paroxysms of cough- 
ing, both of which symptoms had progressed 


IS'OVKMBER, 194^ 

up to the time of admission. He had lost 20 
pounds in weight during this same period. 

Physical Examination. Temperature 98° F; 
pulse 90; respirations 22. The patient showed 
moderate dyspnea even while at rest in bed. 
His chest showed a few crepitant rales in both 
bases. There was one small hard supraclavicular 
node on the left side which clinically was 
thought to be a Virchow’s node. Otherwise, the 
physical examination was essentially negative. 

Laboratory Findings. Red blood count and 
white blood count were within normal limits, 
Wassermann reaction was negative. Blood glu- 
cose, albumin and globulin were within normal 
limits. Blood calcium and phophorus were 
within normal limits. Blood phosphatase was 
not elevated. Sedimentation rate was 26 mm. 
corrected. Sputum examinations were negative 
for tubercle bacilli, 

Roentgen Findings. Roentgen examination of 
the chest on December 16, 1941, showed diffuse 
infiltrative areas throughout both lung fields 
which appeared as a hematogenous distribution. 
These areas tended to become confluent near 
the hilar shadows and in the mid portions of the 
lung fields. The roentgen interpretation was 
miliary carcinosis. The stomach was examined 
two days later and showed almost complete ob- 
struction at the mid portion of the stomach due 
to filling in of the lumen with what was obvi- 
ously an extensive malignant process in the mid 
portion of the stomach. The extent of the lesion 
could not be determined due to the degree of 
obstruction. 

Course. The patient’s course in the hospital 
was progressively retrogressive and he died on 
December 25, 1941. It was impossible to obtain 
permission for an autopsy on this patient, 

Coyyinienl. We have included this case as one 
of miliary carcinosis to the lungs from the 
stomach although we have no pathological 
material for confirmation. The roentgen find- 
ings in the stomach seem convincing enough 
for a positive diagnosis of a gastric neoplasm. 
The roentgenogram of the chest showed an 
even, diffuse distribution of infiltrative lesions 
which seemed to be quite typical of metastatic 
malignancy. The patient at no time during his 
hospital stay showed any evidence of an in- 
fectious process which might account for a 
miliary’ type pulmonary lesion. Also we know 
that one y’ear previously the patient’s chest yeas 
clear at least at roentgcnoscopic observation. 
Considering the above facts, wc think we are 
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Fig. 4 . Case iii. A and 5, roentgenograms illustrating the massive involvement of the 
stomach by new growth. C, roentgenogram of the chest. 
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justified in presenting this case as one of miliary 
carcinosis to the lungs from the gastrointestinal 
tract. 

Case iv. E. T., male, white, aged sixty-two, 
admitted to the hospital on February 14, 1943. 
Three weeks prior to admission the patient 
developed some personality changes and com- 
plained of headache. He became progressively 
more drowsy and less cooperative and for the 














Fig. 5. Case iv. Roentgenogram of the chest. 

two weeks prior to admission was in a semi- 
“'XW Temperature 98° F. 

semtstuporouSo and foltowea^ dehydrated and 

tantly a rnucous membranes were pale, 

his skm and m 

Eyes: sounds throughout the 

depression . up„-tive. Neurological: 

right chest “‘^^'j^'^^^.^otive. There was some 
reflexes were hyp 

Laboratory Ftndti y . 

to"’wassermann reaction negative. 

were scattered Their 
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The interpretation was probable miliary car- 
cinosis. Ventriculogram: both lateral ventricles 
were dilated. The posterior horn of the right 
was obliterated and the body of the ventricle 
was depressed. Both right and left lateral 
ventricles were shifted to the left. The third 
ventricle was visualized and shifted to the left. 
The fourth ventricle was not filled. Interpreta- 
tion: space filling lesion in the right occipito- 
parietal area. Possible second lesion in the 
subtentorial region as evidenced by lack of 
filling of the fourth ventricle. 

At operation on February 15, 19433 ventric- 
ulography and biopsy of right occipitoparietal 
tumor were done. Examination of biopsy 
showed metastatic papillary mucoid carcinoma. 

Course. The patient did not regain conscious- 
ness following surgery and died five hours 
letter 

Pertinent Autopsy Findings; Prosector--Dn 
Kornel Terplan. Primary walnut-sized gelati- 
nous carcinoma of the head of the pancreas 
with metasratic carcinoma in several mesen- 
teric nodes. Diffuse metastatic carcinoma of 
both lungs with multiple lentil to peji-sized 
nodules uniformly distributed through all lobes 
along with some recent edema and 
congestion. Metastatic carcinoma of all bron- 
chomediastinal nodes. Scattered metastatic nod- 
ules throughout the 

in the medulla of the right adrenal. Metastauc 
nodule in the right P^>-‘^to-occipital area 0 
the brain. Huge metastatic lesion in the rig 
cerebellar hemisphere measuring 5 by 5-5 
One hazelnut-sized metastatic nodul 
Left cerebellar hemisphere. Extensive metasmt 
carcinoma of the supraclavicular lymph nodes 

bilaterally. 

DISCUSSION 

From a study of the 4 

S’mrmretiSly in mTJn, a 

characteristic, , diffusely 

The lesions are fung fields 

distributed h a hfmatog- 

rous%TeVr» 

culation. _ ]iomo- 

2 The various lesions are mottled 
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They usually exhibit a moderate variation 
in size. The variation may be from a 
diameter of i or 2 millimeters up to over a 
centimeter. As the disease progresses, there 
may be some confluency of the lesions. 

3. Hilar node involvement from second- 
ary lymphatic spread may or may not be 
present. 

The differential roentgen diagnosis usu- 
ally involves only two other conditions: 

1. Miliary tuberculosis — the distribution 
is the same. However, the lesions are 
usually more discrete and of a more uni- 
form size. Also the individual lesions have 
a more homogeneous density. The above, 
combined with the clinical evidence of 
infection noted in miliary tuberculosis, 
usually makes the differential diagnosis 
relatively easy. 

2. Silicosis — in silicosis the mid lung 
fields exhibit the greatest degree of involve- 
ment in contradistinction to the even 
distribution seen in miliary carcinosis. 
Silicotic nodules appear hard, discrete and 
of quite uniform size. Also there is usually 
an associated peribronchial fibrosis and 
large dense hilar shadows. Secondary 
emphysema is also apt to be present in 
silicosis. The history of dust exposure and 
the clinical course are both helpful in 
establishing the correct diagnosis. 

It is interesting to note the lack of 
physical findings in the chest in miliary 
carcinosis. In spite of the extensive pul- 
monary involvement in some of the cases 
presented, the positive physical findings 
were minimal to absent. It may be impor- 
tant to stress this fact as a negative find- 
ing. That is, the absence of physical signs 
in the chest would tend more toward than 
against a diagnosis of miliary carcinosis in 
the presence of suggestive roentgen find- 
ings._ 

It is of some interest to comment on the 
type of spread to the lungs noted in the 4 
cases presented. Cases i and ii showed 
primary cancer of the gallbladder with 
secondary invasion of the liver both by 
direct extension and by circulatory spread. 


The subsequent massive pulmonary in- 
volvement resulted from invasion of liver 
veins followed by the release of showers of 
tumor emboli to the right heart and the 
pulmonary circulation. These 2 cases are 
excellent examples of the second method 
for production of pulmonary miliary car- 
cinosis outlined previously. 

Case IV is an example of the first method 
outlined for production of miliary car- 
cinosis. In this case the primary lesion was 
in the pancreas with secondary lymphatic 
spread. Spread to the supraclavicular nodes 
was probably by the thoracic duct which 
could also release a shower of tumor 
emboli to the right heart circulation. The 
second method of pulmonary spread must 
also be considered in this case because of 
the metastatic nodules in the liver. How- 
ever, there was no pathologic evidence of 
invasion of the hepatic veins. 

The pulmonary'' involvement in Case iii 
is also probably best explained by spread 
along the thoracic duct, particularly in 
view of the presence of a typical Virchow’s 
node. Of course, lack of pathologic data 
makes it impossible to rule out liver in- 
volvement. 

Thus in at least 3 of these cases we can 
trace rather well the pathogenesis of the 
pulmonary lesions. 

CONCLUSIONS 

1. Miliary carcinosis of the lungs is not 
common but when it occurs it is important 
that the condition be recognized. 

2. Certain conditions are necessary for 
such a spread of cancer since this tj'pe of 
spread must necessarily be hematogeneous 
through the pulmonary circulation. 

3. Four cases have been presented and 
the pathogenesis of the pulmonary lesions 
traced. 

4. The chest roentgenogram exhibits a 
fairly typical appearance which has been 
described. 

5. Miliary tuberculosis and silicosis must 
be considered in the differential diagnosis. 

6. The lack of physical findings in spite 
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of a marked degree of pulmonary involve- 
ment has been stressed. 

7. A correlation of all available data on 
a single case will usually make the diag- 
nosis of miliary carcinosis obvious. 

Buffalo General Hospital, 

100 High St,, 

Buffalo, N. Y. 
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T he number of cases of diaphragmatic 
hernia and dilated esophageal ampulla 
diagnosed roentgenologically has markedly 
increased. From a fraction of i per cent 
seen about two decades ago, we have 
reached the high figure of over lo per cent 
of those cases presented for gastrointestinal 
roentgenological study. In our last 2,00 
gastrointestinal examinations we encoun- 
tered 23 cases of either diaphragmatic her- 
nia or dilated esophageal ampulla. This is 
because the clinician and roentgenologist 
now routinely look for these conditions 
during such examinations. 

Although the diaphragmatic hernia and 
tire dilated esophageal ampulla are lesions 
of two different organs of the digestive 
tract, they have, neverdieless, many simi- 
lar characteristics. Therefore, a roentgeno- 
logic differential diagnosis is at times diffi- 
cult. For this reason the two subjects are 
combined in this presentation, describing 
tlieir similarities and differences. 

The most prevalent diaphragmatic her- 
nia is tire para-esophageal hiatus type (Fig. 
i). The esophageal hiatus is located in the 
muscular part of the diaphragm and is sur- 
rounded by additional fibers derived from 
the crura of tire diaphragm to form a 
sphincter. The distal end of tire esophagus 
is normally closed at tire hiatus by the 
hiatal sphincter and opens synchronously 
witlr deglutition. After middle age the 
muscles surrounding the esophageal hiatus 
tend to become atonic producing a dilata- 
tion of the hiatus. The increased intra- 
abdominal pressure resulting from consti- 
pation, flatus, pregnancy, etc., causes the 
fundic portion of the stomach to herniate 
through this enlarged hiatus, to enter the 


posterior mediastinum and lie alongside 
the esophagus, thus forming a para-eso- 
phageal hiatus hernia. The distal end of 
tire esophagus is not disturbed by tire her- 
nia. It remains attached to the diaphragm. 




Fig. I. Para-esophageal hiatus hernia. The esophagus 
is displaced laterally, and alongside the hernia. 

In tlris position and when dilated, tire her- 
nia may produce pressure in the posterior 
mediastinum simulating symptoms of heart 
disease, or it may compress the esophagus, 
producing dysphagia. A very large hernia, 
by its bulk, can produce dyspnea and also 
displace the esophagus to the right of tire 
midline. Often a bleeding ulcer is formed at 
the isthmus between the hernia and the 
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Fig. 2 . Para-esophageal diaphragmatic hernia, with 
a large ulcer at the isthmus between the stomach 
and the hernia, at the hiatus. This could be mis- 
taken for a diverticulum of the stomach, except 
that the clinical symptoms were characteristic of a 
gastric ulcer. 


Immediately above the level at which the 
esophagus passes through the diaphragm there 
is a fusiform expansion of the tube, of variable 
length and girth, which has been called the 
ampulla phrenica, or esophageal ampulla. It 
lies in the lowest part of the posterior medias- 
tinum, where the anterior wall is formed by 
the sloping posterior part of the diaphragm. 
Should the esophagus be obstructed at its 
passage through the diaphragm this ampulla 
may undergo great distention, and swallowed 
food may be retained in it and not pass on into 
the stomach. 

Practically all tlie dilated esophageal 
.ampullae (Fig. 4) that we have observed 
•were due to spasm of tlie hiatal sphincter or 
spasm of the esophagus. This dilatation of 
tlte ampulla is most likely due to the effort 
of the esophagus to overcome the spastic 
obstruction, formed by the hiatal sphinctei 
of the diaphragm. Similar ampullary dila- 
tations in other parts of the gastrointes- 
tinal tract are encountered, as, for example, 
dilatation of the antrum pylorica, when tlie 
pyloric ring of the stomach is partly ob- 



stomach due to the constriction produced 
by tlie hiatal sphincter (Fig. 2.). ^ _ 

Another type of hiatus hernia is that 
associated with the upward displacement 
of the esophagus (Fig. 3). During the pro- 
trusion of the stomach through the hiatus 
it carries tlie distal part of the esophagus 
into the mediastinum, freeing it from its 
attachment to the diaphragm, thus cmising 
it to become tortuous and curved. Inese 
curves and tortuosities differentiate this 
type of hiatus hernia from the congenital, 
short esophagus type. These hiatus esopha- 
geal hernias arc operable. 


enlarged esophageal ampulla— pseudo- 
hernia 

The esophageal ampulla has J-cccived 
little attention in medical textbook^^ Icn- 
tion is made on this subject for the hr. t 
time in the 193^ edition ot Cunninghams 
Anatomy,^ as follows: 



hernia, 
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stracted, or dilatation of tlie rectal ampiillaj 
when the anal sphincter undergoes obstruc- 
tion. 

On several occasions during roentgenos- 
copVj formation of the ampulla and spas- 
ticity of tire esophagus were observed. It 
was noticed tliat while tire patient was 
drinking tlie barium mixture tlie hiatal 
sphincter, which normally opens and closes 
intermittently during deglutition, remained 
closed longer than usual. The lower 2 inches 
of the esophagus dilated, forming an am- 
pulla, and an annular contracture formed 
at the upper end of tlie ampulla. Spastic 
ripples appeared around the walls of the 
ampulla and extended into tlie tube above 
it. The annular contracture deepened and 
finally closed tlie lumen completely. For a 
short time the ampulla was closed at both 
ends. During this time the intra-ampullary 
pressure increased to such a degree tliat it 
overcame the resistance of the hiatal 
sphincter*, tlie latter opened and the eso- 
phageal contents emptied into the stomach, 
then tlie esophagus assumed its normal 
shape. Upon being questioned, die patients 
stated that die sensation was the same as 
that experienced during an attack of pain 
involving a wide area embracing die lower 
diorax and upper abdomen. Occurrence of 
such pain makes the patient seek medical 
aid. 

DISCUSSION 

A dilated ampulla or a hiatus hernia may 
or may not produce local pain or tender- 
ness. When symptoms are present they 
are of two types. One is produced directly 
by the lesion, in which case the usual 
complaints are dyspnea, prostration, bloat- 
ing, pressure in die precordial region and 
shortness of breadi. These symptoms are 
aggravated by a heavy meal or when die 
patient is in a recumbent position, because 
the stomach contents then easily regurgi- 
tate into the hernia or ampulla. However, 
when the stomach is partly filled with gas 
or air, as in aerophagia, the symptoms 
become aggravated even in the erect 
posture. 

In the second txqie are symptoms re- 
ferred to different parts of the body as the 



Fig. 4. Enlarged esophageal ampulla. Note the con- 
striction at the distal end of the ampulla, due to 
spasticity of the esophagus. 

external ear, lower jaw, left shoulder and 
arm, precordium, and occasionally to the 
region of the gallbladder. The reason for 
this wide distribution of referred pain 
becomes obvious upon consideration of the 
complex nerve supply of the esophagus, 
diaphragm, and fundus of the stomach. 
All of these parts are supplied by branches 
of the upper cendcal nerves, the recurrent 
laryngeal, vagus nerve, the sympathetic 
nervous system, and the phrenic nerve. 
We have had patients who were treated for 
cardiac conditions, chiefly coronary dis- 
ease, and were confined to bed until 
a gastrointestinal examination revealed 
eitlier a diaphragmatic hernia or a dilated 
ampulla. Harrington^ states that many of 
his hernia cases were referred to him with 
a previous diagnosis of cardiac condition, 
gallbladder disease or peptic ulcer. Some 
came to him following surgery which had 
offered no relief. 

The diagnosis of these conditions can be 
made by roentgenography or esophagos- 
copy. Either method may fail occasionally 
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to detect the lesion on primary examina- 
tion. A second or even a third examination 
may be necessary to establisli tlie diag- 
nosis. The reason is that the condition Is 
intermittent in character, the hernia often 
reducing itself, or the spasticity of the 
ampulla being relieved, freeing the patient 
from symptoms for days or even weeks. 
However, when adhesions form and the 
hernia remains permanently in the medi- 
astinum the symptoms are constant. 

TECHNIQUE 

The technique for the roentgenographic 
demonstration of these lesions consists in 
increasing the intra-abdominal pressure 
during roentgen-ray exposures, Tiiis may 
be accomplished by placing the patient in 
supine position and applying direct pres- 
sure over tlie abdomen with an inflated 
rubber balloon, or by having tlie patient 
flex his thighs over his abdomen at the 
same time raising the shoulders and taking 
a deep breatli. 

DIFFERENTIAL DIAGNOSIS 


defect of tlie esophagus with an irrecuhir 
outline, is present. 

In cardiospasm, strange as it may seem, 
there is no spasm in tlie esophagus or ia 
the hiatus. Cardiospasm is a misnomer. 
HurstV conception is that the hiatus is 
normally closed and is supplied bv two 
sets of nerves: tlie sympathetic and the 
vagus. The sympathetic nerves keep tlie 
hiatus closed, while the vagus causes it to 
open. The pathology lies in the inability 
of the vagus nerve to cause relaxation and 
opening of the hiatus. He terms it “acha- 
lasia” — that is, inability to relax. The 
distal end of the esophagus in these cases 
is fusifornily dilated, smooth in outline, 
with no evidence of spasm, I’hc lumen is 
uniformly enlarged. The swallowed food 
accumulates in the esophagus and opens 
the hiatus by its gravit}- when the food 
reaches a certain height in the esophagus. 
In die dilated esopliageal ampulla, on 
the other hand, spasm is always present 
either in the ampulla or in the esophagus 
above it. 


The dilated esophageal ampulla must be 
differentiated from the following condi- 
tions: 


1, Diaphragmatic hernia. 

2. Cancer of the esophagus or cancer of the 

pars cardia of the stomach, invading 
the esopliagus by continuity. 
j. Cardiospasm. 

4. Obstruction due to swallowing of a caustic 

substance. 

5. Diverticula of the esophagus at the 

cardiac end, 

6. Tumors originating in the adjacent organs 

rhat invade, or produce pressure on, the 
esophagus. 


'J'hc diaphragmatic liernia, especially 
the para-esophageal type, can be recog- 
nized by the fact that it is situated along- 
side the esopliagus above the diaphragm, 
and both the eso]diagus and the hernia can 
be seen sejiaratcly on the roentgenogram. 
'Hie ampulla, on the other hand, is tn 
CfUitinuation vith the esophagus. In the 
hernia with the upward displaccii esopha- 
gus, ihc c.'Ophauus enten^ tlie hernia :it its 
Mjmmit ; the ilistal end of the esophagus as. 

Msme^ a char.w-rert^rte twist _ 

In cancer f'f the cs»vp!tairus, a hllme 


SUMMARY A.\D CONCLUSION 


Acquired diaphragmatic hernia and dila- 
tation of the esopliageal ampulla are 
relatively common conditions, dhey are 
capable of producing symptoms almost 
perfectly simulating those produced Ip' 
grave disease of the thoracic or upper 
abdominal viscera. Routine search for 
these conditions during gastrointestinal 
.scries will not infrccpiently give an ex- 
planation lor tlie liitherto unexplained 
complaints. It is also suggested tiiat 
patients with atypical angina pectoris, 
particularly if the pain is related ro meals 
be uivcti tile benefit of roenfgcnoloiru 
study before a diagnosis with such a severe 
prounosis lie reganietl as cstablisiici:*. 

6k S. llonnie Br.nc St., 

Los .Anyreies f, CnHt. 
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CHRONIC NONSPECIFIC REGIONAL ENTERITIS* 

iS>- SAMUEL BROWN. M.D. 

Jewish Hospital 

CINCINNATI, OHIO 

T he year 1932 marks an important been in some degree a causative factor in 
landmark in the progress of medical bringing about an increase in the incidence 
science, for in that year our knowledge of of the disease. 

the diseases of the small bowel was greatly The marked increase in this form of en- 
advanced as a result of tlie painstaking teritis is well illustrated by the following 
work of Crohn, Ginzburg and Oppen- statistical study. Brown and Donald^ of the 
heimer.^ In a paper published in tlie Journal Mayo Clinic report that there were only a 
of the American Medical Association these cases in 1922 and no others until 1929. 
authors described, in its pathological and Twenty-four instances of the condition 
clinical details, a disease of the terminal were encountered prior to 1933, and during 
ileum affecting young adults chiefly, and the past four years there have been 114 pa- 
characterized by a subacute or chronic nec- tients diagnosed as having this disease en- 
rotizing inflammation, the cause of whicli tity. Reports by other observers reveal the 
was unknown. same tendency, namely, a constant increase 

Following the above announcement, re- in the frequency of the disease, 
ports of similar cases began to appear in the The pathological manifestations of the 
literature with ever increasing numbers up disease most often affect the terminal ileum 
to the present day. New facts were dis- but no part of the small or large bowel is 
covered about the disease, viz., it was exempt. Several of our cases showed defi- 
found that the affection is not always lim- nite involvement of the head of the cecum 
ited to the terminal ileum, but may involve in addition to the ileum. In i case there 
any part of the small bowel and at times were several areas of the disease process 
even the large bowel; it was also found that throughout the course of the colon. In an- 
the lesion was not always continuous but other case extensive involvement of the 
was often interrupted by healthy segments duodenum was demonstrated four years 
of intestine. Because of the above findings after resection of the terminal ileum for 
the terms regional or terminal ileitis are regional ileitis. Tlie latter case showed in- 
gradually giving way to one which is more ternal fistulous tracts extending from the 
inclusive, viz., chronic nonspecific regional diseased segment into the surrounding tis- 
entertis, which is the title of the present sues. 

discussion. The pathological process is characterized 

Previous to 1932 only a few sporadic by a subacute or chronic necrotizing ulcer- 
cases had been reported, and hardly any ation on a granulomatous basis. This results 
before World War 1 . Was the disease non- in a cicatrizing inflammatory process which 
existent before the war or had surgeons and is sharply localized. The intestinal wall is 
pathologists failed to recognize this aflec- stiffened, becomes rigid, and the lumen is 
tion? It hardly seems reasonable to believe narrowed, resulting at times in a stenosis 
that a disease with such gross manifesta- with dilatation of the proximal portion of 
tions would have failed to attract atten- the bowel. If the diseased process is not ar- 
tion. It is more likely that the disease was rested or removed, perforation may take 
ver}' rare before the war for some unex- place with a resulting fistula or abscess for- 
plainable reason. Perhaps tlie great infiu- mation. Very frequently the diseased seg- 
enza epidemic then prevalent may have ments of the bowel are matted together by 

Til Joint Meeting of the American Roentgen Ray Societ}' and the Radiological Societj' of North America, Chicago 

111 ., Sept. 24-29, 1944. 
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dense adhesions giving the impression of a 
tumor in the right lower quadrant of the 
abdomen. Four of our cases presented large 
palpable masses which were thought to be 
due to new growths until their true nature 
was recognized by operation. The neighbor- 
ing glands are usually found to be enlarged 
and themesentary is edematous. 

So far the cause of the disease remains 
unknown. According to Strombeck^ the dis- 
ease strongly resembles a healed tubercu- 
lous ileitis. He is of the opinion that the pro- 
cess may actually be due to a tuberculous 
infection and advances the following rea- 
son^ namely, the terminal loop of the ileum 
is well equipped to combat infection, there- 
fore chances for a tuberculous infection to 
heal are good. Hence, if healing does occur, 
a microscopic picture may arise which is 
identical with that described by Crohn in 
terminal ileitis. Roentgenologically, Strom- 
beck believes that chronic terminal ileitis 
cannot be differentiated from ileocecal 
tuberculosis. Contrary to the above opin- 
ion the great majority of observers are of 
the opinion that the disease is caused by 
some other type of infection. One of the 
main arguments against a tuberculous ori- 
gin is the rarity with which pulmonary 
tuberculosis is found associated with re- 
gional ileitis while it is very commonly asso- 
ciated w'ith tuberculous ileitis. Not one of 



nitely be outlined. Four of our cases exhib- 
ited palpable masses in the right lower ab- 
domen. 

The diagnosis of the disease can only'^ be 
established by a thorough investigation of 
the small bowel. The roentgen method has 
proved to be the most useful method for 
this purpose, provided it is carefully carried 
out. This entails frequent observation of 
the barium column from the moment it 
leaves the stomach until it reaches the 
large bowel, which is then examined by 
means of a barium enema. When the exam- 
ination is carried out as above directed the 
chances are very good of recognizing any 
organic lesion of the small and large bowel. 

The roentgen signs depend upon the 
gross alterations of the bowel as a result of 
the pathological changes. In the order of 
importance and frequency they are as fol- 
lows: 

J. Deformity of the contour of the bowel 
wall, 

2. Narrowing of the lumen of the intest- 
inal tube. 

3. Loss of the mucosal pattern. 

4. Hour-glass constrictions in the course 
of the bowel. 

5. Rigidity and immobility of the in- 
volved segment. 

6. Displacement of adjoining segments 
of the bowel as a result of pressure by 


our cases showed the slightest evidence of 
pulmonary tuberculosis. 

There are no pathognomonic signs or 
symptom-complex in regional ileitis which 
would lead the clinician to arrive at a cor- 
rect diagnosis, but those which are present 
are strongly suggestive of an intestinal dis- 
turbance. There are abdominal pains which 
are cramp-like in nature and usually limited 
to the right lower quadrant. Diarrhea is a 
frequent symptom wdth the stools contain- 
ing mucus and sometimes blood. There is 
also evidence of a low grade infection, such 
as loss of weight and strength, fever and 
occasionally a leukocy tosis. On phy sical 
examination tenderness is often elicited 
upon pressure in the right lower quadrant 
and occasionally a palpable mass may defi- 


pseudo-tumors. 

7. Demonstration of internal fistulous 
tracts. 

8. Hypermobility of the intestinal con- 
tents. 

9. Stenosis with dilatation of the proxi- 
mal portion of the bowel. 

There are several conditions from which 
chronic nonspecific regional enteritis is to 
be differentiated. 

I. Chronic Appendicitis. Most of the 
cases referred for roentgen examination 
have a clinial diagnosis of possible chronic 
appendicitis. Roentgen examination may 
not establish the diagnosis of chronic ap- 
pendicitis but it can, at least, cxclu c rc 
gional ileitis. The presence of an appendi- 
ceal abscess may be readily diagnosed h> 
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the history of the onset and the absence of 
intestinal involvement. 

a. Tuberculous Ileitis. The roentgen ap- 
pearance of regional ileitis very frequently 
resembles that of tuberculous ileitis, but 
the absence of pulmonary tuberculosis, the 
almost constant accompaniment of the lat- 
ter, will exclude it. 

3. Colitis. Colitis is confined to the colon 
alone. The small bowel is seldom involved, 
while in regional ileitis tlie colon is rarely 
affected without the small bowel also being 
involved. 

4. Small Bowel Tumors. Malignant tum- 
ors seldom occur in the small bowel, but 
when they do they are usually localized. In 
regional ileitis the lesion is more extensive 
and may present normal bowel segments 
between the affected areas. 

The above discussion is based upon the 
observ'-ation of 12 cases, 2 of which were dis- 
covered before 1932. In view of our present 
knowledge there is no doubt about the na- 
ture of the 2 cases, but instead of having 
called it regional or terminal ileitis it was 
then described as a chronic inflammatory 
process, of an undetermined etiology, of the 
lower end of the ileum. 

In view of the fact that even now the ex- 
act cause of the affection is not known, the 
present terminology is little more explicit 
than the one used at that time. 

Case 1. D. H., male, aged thirty, was seen 
in 1926. For over a year he had been troubled 
with pain in the abdomen, especially in the 
right lower quadrant. A mild degree of diar- 
rhea was present. The physical examination 
revealed a well nourished young man with a 
palpable, tender mass in the right lower abdo- 
men. The clinical diagnosis was chronic ap- 
pendicitis, but roentgen examination showed a 
deformed terminal ileum and cecum which was 
very suggestive of a tuberculous ileitis (Fig. i), 
but in the absence of pulmonary tuberculosis 
such a diagnosis was doubtful. 

The patient was operated upon and accord- 
ing to the surgeon’s report the lesion did not 
appear to be tuberculous in nature. The coils 
of the ileum were thickened and [matted to- 
gether gi\nng the impression of a new growth. 



Fig. I. Case i. Terminal ileum deformed and 
adherent. Cecum ill defined. 


No attempt was made to remove the diseased 
bowel and the patient died of shock following 
the operation. 

Case ii. R. W., female, aged twenty-five, 
married, was seen in 1927. For over a year and 
a half the patient had been troubled with more 
or less pain in the right lower abdomen. A mild 
form of diarrhea was present from time to time. 
Her general health remained fairly good. On 
physical examination a palpable tender mass 
was disclosed in the right lower quadrant. The 
clinical diagnosis was either chronic appendici- 
tis or a new growth. Roentgen examination 
revealed a distorted terminal ileum with up- 
ward displacement of the cecum by the pal- 
pable mass (Fig. 2). The general good condition 
of the patient seemed to preclude a malignant 
growth, and the absence of pulmonary tuber- 
culosis likewise favored the exclusion of tuber- 
culous ileitis. She was given roentgen treat- 
ment and her condition improved, but after a 
year the symptoms returned and she was 
operated upon at the Mayo Clinic. A chronic 
process of the ileum, apparently not of a 
tuberculous origin and not due to a new growth, 
was found. Since then she has been operated 
upon several times for recurrences and at 
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Case v. J. W., female, aged nineteen, was 
examined in April, 194O3 because of gas pains, 
loss of weight and strength, diarrhea and a 
moderate fever. The roentgenogram showed ex- 
tensive involvement of the ileum and jejunum 
characterized by loss of the mucosal pattern, 
irregular contour, marked narrowing of the 
lumen, and immobility (Fig. 5). The diagnosis 
of regional ileitis was confirmed by operation 
at the Mayo Clinic. Notwithstanding the opera- 
tion, the patient made poor progress and died 
in May, 1 944. 

Case vi. F. M., female, aged twenty-one, 
was referred in 1942 for roentgen examination. 



Fig. 4. Case iv. Terminal ileum deformed 
and fixed. 

because of pain in the right lower abdomen, 
fever and loss of weight. Roentgen examination 
revealed a deformed terminal ileum with a nar- 
row lumen. The head of the cecum was found 
to be contracted and irregular in outline (Fig. 6). 
The diagnosis of terminal ileitis was con- 
firmed by operation at the Jewish Hospital. 
The patient returned in May, 1943, with a re- 
currence of the symptoms, and a re-examination 
revealed involvement of the segment of the 
bowel near the anastomosis. A second opera- 
tion was performed but recently she returned 
with the same complaints and the roentgeno- 



Fig. 5.[Case v. Extensive involvement of ileum 
which is narrow and deformed. 



Fig. 6. Case vi. Deformed narrow terminal ileum. 
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have lasted about four years with periods of re- 
missions. Of late she has also been troubled with 
nausea and vomiting. During examination of 
the stomach and duodenum the proximal 
jejunum was found to be dilated. This observa- 
tion led to frequent examinations during the 
next seven hours. The later observations 
showed strictures in the bowel with segments 
presenting deformed contours encroaching upon 
the lumen of the bowel (Fig. 8). Twenty-four 
hours later the small bowel was found to be 
dilated with barium. The colon was filled, but 
without dilatation. Diagnosis of regional en- 
teritis was confirmed by operation which con- 
sisted of an enteroenterostomy. Segments of 
both the jejunum and ileum were found to be 
involved. 

Case ix. P. F., aged sixteen, was referred in 
October, 1942, for roentgen examination be- 
cause of pain, tenderness in the lower abdomen 
and fever. Three hours after a barium meal the 
terminal ileum and cecum were partially filled. 
The ileum was interrupted by strictures with 
intervening dilated segments, A barium filled 


Fig, 7. Case vii. Extensive narrowing of the 
lumen, which is fixed. 


gram again revealed a new recurrence of the 
disease. Roentgen therapy was decided upon. 
The same factors as previously noted were given 
with the exception of the dose which was re- 
duced to 100 r because of her small si2e and de- 
bilitated condition. In this case it is too early 
to draw any definite conclusions; however, six 
months after treatment she is symptom free 
and has gained 15 pounds in weight. 


Case vii. S. B., female, aged fifty, the oldest 
natient in the series, was examined m May, 
L42 because of pain in the abdomen, especia ly 
in the right lower quadrant. There were also 
nausea, vomiting and moderate fe''®''- 
examination disclosed an extreme y narro,^ 
ill defined segment m the region of the ileum 
which extended across the abdomen and was 
rJiore or less fixed (Fig. 7)- The diagnosis of ter 
minal ileitis was confirmed by operation at the 
Jewish Hospital. Her present condition is good. 

Case viii. M. H., female, aged twenty-one 

was referred for roentgen examination of the 

ga«rointestinaltractb^ 

C’oTtlgStdte'n'gth. The symptoms 



o E' ar,T, Marked dilatation of segments of 

with intervening strictnres. 
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string-like shadow connected it with the cecum 
(Fig. 9). On the following day the colon was 
found to be partially filled. A barium enema 
showed displacement of the sigmoid flexure to 
the left, apparently by a mass in the right 
lower quadrant. The head of the cecum was 
contracted and irregular in outline probably as 
a result of involvement by the same disease 
process. The diagnosis of regional ileitis was 
confirmed by operation at the Jewish Hospital. 
The operation consisted in a short-circuiting 
anastomotic procedure. The patient is now 
doing well. 

C.^^sE X. F. W., female, aged twenty-eight, 
was referred in November, 1942, because of ab- 
dominal pain in the right lower quadrant 
where a tender mass was palpable. Four hours 
after a barium meal the tenninal ileum and 
proximal portion of the colon were found to be 
partially filled. The barium in the ileum con- 
sisted of small dilated segments due to hour- 
glass constrictions and the whole was more or 
less displaced upward apparently by the pal- 
pable mass (Fig. 10). On the following day the 
small bowel was found to be empty and the 
colon partially filled. Barium enema revealed 
downward displacement of the sigmoid flexure 
and compression of the medial margin of the 
cecum and ascending colon by the palpable 





Fig, 9. Case ix. Narrow terminal ileum with 
hour-glass strictures. 



Fig. 10. Case x. Hour-glass strictures of 
terminal ileum. 

mass. The diagnosis of regional ileitis was made 
and confirmed by operation. The patient re- 
turned in July, 1944, with an external fistulous 
tract. Another operation, which consisted in a 
short-circuiting anastomosis procedure was per- 
formed. Her present condition is good. 

Case xi. J. L, male, aged twenty-five, was 
examined in March, 1943, because of abdominal 
pain, diarrhea and loss of weight and strength. 
During a period of two years before the present 
roentgen study the patient was examined in 
several cities of this country but no definite 
diagnosis was made to explain the cause of his 
symptoms. The barium was injected through 
a Miller-Abbott tube and the ileum was found 
to consist of many irregular segments, some 
being dilated while others were more or less 
constricted and deformed (Fig. ii/f). On the 
following day a barium enema revealed marked 
spasm of the cecum and ascending colon. 
Within that region a long linear shadow, appar- 
ently due to an internal fistulous tract, was 
recognized (Fig. ij£). After the spasm was re- 
laxed and the colon . Ayas. filled completely, 
several irregular translucent areas were noted in 
the cecum, ascending and transverse colon en- 
croaching upon the lumen of the bowel and 
apparently due to masses of granulomatous in- 
filtrations (Fig. iiC).‘ The patient was operated 
upon and a good deal of the ileum and colon 
was resected. The'dlagnosis of a chronic non- 
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specific enteritis was confirmed. The patient’s 
condition remains good. 

Case xir. P. W., male, aged twenty-nine, 
was referred for an examination in June, 1943, 
because of pain in the abdomen, diarrhea and 
moderate fever. In 1939 the patient had been 
operated upon at the Jewish Hospital for 



B 


Fig. II. Case xi. A, deformed segments of 
ileum. spasm of cecum and ascending 
colon showing a long narrow fistula. C, de- 
formed areas in colon proved to be of same 
nature as the ileitis. 


terminal ileitis and remained well for almost 
four years. The possibility of a recurrence of the 
disease in the ileum was naturally suspected, 
but to everybody’s surprise the recurrence was 
discovered in the duodenum which presented 
all the characteristic signs of ileitis. The duo- 
denal bulb was found to be dilated, the descend- 
ing portion was narrow and of an irregular out- 
line and was more or less constricted at the 
inferior flexure. The mucosal pattern was en- 
tirely obliterated. Linear shadows, apparently 
due to internal fistulous tracts, were noted ex- 
tending into the surrounding tissue from the 
duodenum (Fig. 12A). In the lateral view the 
deformity and stricture of the duodenal wall 
ivas demonstrable to greater advantage (Fig. 
J2B). 

The question of operation was given up and 
at my suggestion roentgen treatment was used. 
The technique was similar to that of the other 
male patient. The symptoms gradually re- 
ceded, the patient gained weight (35 pounds) 
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DISCUSSION OF PAPERS BY DRS. 

ABOWITZ AND BROWN 

Colonel B. R, Kirklin, M. C. I was rather 
interested in reading Dr. Abowitz’s paper a 
few days ago to find that he states the incidence 
of hernia in his experience has been more than 
lo per cent of cases examined. In our experience 
the. incidence hasn’t been nearly that high, but 
has been about i.8 per cent. 

One other feature of his paper in which our 
experience has been a little different is the 
incidence of para-esophageal hernia. Of the 
patients with diaphragmatic hernia that have 
been operated upon, we have found that only 
one-third had the para-esophageal type. On 
the true esophageal hernia which carries the 
esophagus up with it, we have no accurate 
statistics but it is my opinion that not more 
than 25 per cent of the hernias that we have 
seen have been of the para-esophageal type. 

I am anxious to emphasize Dr. Abowitz’s 
statement that the diagnosis of esophageal 
hernia is primarily roentgenologic. I am sure 
that 95 per cent of the hernias that are diag- 
nosed at the Mayo Clinic are incidental 
roentgen diagnoses in the course of a routine 
examination of the stomach; that is, in at 
least 90 to 95 per cent of the cases, the clinician 
has not suspected the presence of a hernia. 

Another thing that I would like to emphasize 
is that approximately 18 per cent of the 
hernias have a history of bleeding. 

On the question of dilated esophageal am- 
pulla, I am not just clear about what Dr. 
Abowitz means by this symptom or condition. 
It has been my opinion that there is consider- 
able variation in the width of the lower esopha- 
gus and the esophageal ampulla in different 
individuals. Frequently we see what appears 
to be dilatation of the esophageal ampulla and 
upon questioning that patient, usually one 
past middle life, he will admit to being a rather 
fast eater; that is, he gulps his food rather 
rapidly. It seems reasonable to me to assume 
that that might be one of the contributing 
factors. 

I feel that there is much variation in the 
width of the lower esophagus. Sometimes it is 
very difficult to differentiate the dilated 
ampulla from a very small esophageal hiatus 
hernia ivhere we have just i inch or 2 inches 
of stomach protniding up through the esopha- 
geal hiatus. 
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In his paper. Dr. Brown developed a few 
points which seem to be worthy of special 
emphasis. 

In the years elapsed since Crohn and his 
associates first called attention to the benign, 
non-tuberculous, subacute or chronic necrotiz- 
ing and cicatrizing inflammatory intestinal 
process now known variously as regional 
enteritis or ileitis, hyperplastic ileitis or 
enteritis, ulcerohyperplastic enteritis and other 
similar descriptive names, much has been 
written and said about the disease, and opin- 
ions about practically all phases of it except its 
etiology are now fairly unanimous. 

The roentgenologic descriptions seem, how- 
ever, to have stressed that stage in the patho- 
genesis of the disease in which the involved 
portion of intestine is shortened and its lumen 
more or less markedly narrowed as a result of 
the thickening of the intestinal walls. 

It is true that this is the most frequent 
roentgenologic manifestation of the disease but 
it is not the only one. The earlier in its patho- 
genesis the disease is encountered, the less 
markedly will contracting (narrowing — short- 
ening) deformities of any kind be manifest. 

In the early stages of the disease the lumen 
may not be perceptibly narrowed, shortening 
of the involved portion may not be obvious, 
and the roentgen diagnosis will be based on such 
evidence as relatively minor changes in the 
relief pattern of the mucous membrane, a sense 
of diminished pliability and mobility perceived 
by the palpating hand during the roentgeno- 
scopic examination, both combined perhaps 
%vith a local or general intestinal hypermotility. 

The greater the deformity, the more ad- 
vanced is the disease, and such roentgenologic 
findings as stenosis with prestenotic intestinal 
distention, internal fistulae with peri- or para- 
intestinal abscesses, hour-glass constrictions 
and the formation of pseudo-tumors, all arc 
to be considered, in my opinion, as evidence 
of advanced disease. 

Dr. Brown has made a very competent analy- 
sis of the roentgenologic manifestations of 

specific regional ileocolitis, and I would h 'C 

to commend him for it. 

We have been recommending surgical treat- 
ment in our cases with extirpation of the 
involved intestine as the ultimate aim. I here 
have been recurrences, and the management of 
these often becomes a most trying problem. 
Dr. Brown's success with roentgen therapy m 
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at least 2 of his cases is interesting and en- 
couraging. I do not know that roentgen therapy 
has been tried before, but I can think of no 
reason why it should not be tried, at least in 
selected cases. 

We will all be interested in Dr. Brown’s later 
experiences along these lines. 

Dr. i\.BOwiTZ (closing). The percentage does 
not seem so high when one considers that the 
two conditions, diaphragmatic hernia and 
esophageal ampulla, are grouped together. 
The reason for this grouping is that, at times. 


it is difficult to differentiate one condition from 
the other on the roentgenogram. The clinical 
symptoms are of little help, as they are almost 
identical in both cases. 

As to the roentgenographic technique, two 
points must be stressed: (i) the intra-abdomi- 
nal pressure should be increased during ex- 
posure; (2) the filled esophagus, and the hernia 
or ampulla, should be taken on the same film. 
This helps in making the correct diagnosis. 
Without a filled esophagus, it is at times 
difficult to recognize the type of lesion one is 
dealing with. 




ROENTGEN EXAMINATION IN CONGENITAL IN- 
TESTINAL OBSTRUCTIVE DEFECTS IN INFANTS 


ITS AID IN PLANNING SUITABLE SURGICAL APPROACH 
AND PROCEDURES FOR THEIR CORRECTION 


By AISIGUS K. WILSON, M.D. 
De Paul Hospital 

NORFOLK, VIRGINIA 


T he incidence of imperforate anus and 
atresia of the intestine of various types 
is variously placed at 1 : 8,000-1 : 10,000 
(Keen^^), 1:5,246 (Bardeleben^), 1:7,477 
(Zimindorff2) and 1:11,000 (Kermisson^), 
1:5,000,® newborn infants. From January 
E to December 31, 1944, there were 
9,474 living babies born in the hospital of 
St. Vincent de Paul and De Paul Hospital, 
Among these only 2 cases of obstructive 
congenital intestinal anomalies have been 
recorded. The condition is thus relatively 
infrequent, but obviously intelligent cor- 
rection is of utmost importance. The 
purpose in presenting these cases is ia) to 
emphasize the importance of early exami- 
nation to determine the site of obstruction, 
and (^) to draw particular attention to 
important details of roentgen technique, 
with special reference to imperforation and 
atresia, of the anus and rectum. 

The site of obstruction depends upon 
the stage at which embryological develop- 
ment has become erratic. Briefly stated, 
the development of the lower intestinal 
tract is as follows: In the embryo the 
urinary tract and the lower intestine at 
first are one cavity. This cavity becomes 
divided into anterior and posterior portions 
by the urogenital membrane — the anterior 
chamber becomes the bladder and the 
posterior forms the rectum or mesenteron. 
The mesenteron descends toward the 
perineum where it meets an infolding 
epiblast (proctodeum) which becomes the 
anus. Malformations in this region are due 
to. failure of the urogenital membrane to 
separate completely the rectum from the 
bladder or failure of the proctodeum to 
meet and unite with the mesenteron. 


Drueck® states that the arrest in imper- 
forate anus is usually at the level of the 
peritoneal reflection; in females it is 
usually about 2 cm. and in males it is 
usually about 3 cm. from the perineum. 
The atresia may thus be complete (im- 
perforation) or fistulous (atresia), and 
anomalous openings may be present any- 
where between the rectum and the uro- 
genital tract. 

Keiller,’' in 1924, appears to have been 
the first to recognize the value of roentgen 
examination in these cases. He advised the 
use of the roentgen ray ‘'if available," 
and if sufficient gas had formed, but he did 
not give details of technique or show il- 
lustrations. He also appears to be the first 
to have used barium suspension injected 
through the colostomy opening to demon- 
strate the site of obstruction where surgical 
intervention from above had become neces- 
sary because of failure to locate the blind 
end of the rectum through the perineum, 
Desmarest and Ebrard," in 1926, gave 
bismuth by mouth and made antero- 
posterior and lateral roentgenograms with 
an opaque object in the anal dimple. 

In 1930 Wangensteen and Rice^^ de- 
scribed a method whereby gas contained 
in the large intestine was used to delineate 
the blind end of the rectal pouch. They 
showed that if the baby were suspended 
head down, the gas would rise to its highest 
point and that a roentgenogram made with 
an opaque object in the anal dimple would 
demonstrate the extent of separation ije- 
tween the blind end of the rectum and the 
perineum. The surgeon could then deter- 
mine whether a perineal approach 
feasible. Rhodes'®, in 19341 recommended 
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diat the child be stimulated to cry, and 
buttermilk be given by mouth to obtain 
filling of the intestine with gas; tliereafter, 
anteroposterior supine and lateral recum- 
bent roentgenograms were made to deter- 
mine the location of tlte blind end of the 
rectal tube. 

Ladd and Gross,® while recommending 
the method proposed by Wangensteen and 
Rice, reported erroneous localization in 1 
cases because of insufficient gas in the 
lower intestine. Bermaid and Crowell and 
Dulin** drew attention to the possibility 
of error during the first twenty-four hours 
of life since gas is not normally present in 
die colon during the first day. Despite 
these objections, the method is the simplest 
devised, and accumulating experience shows 
it reasonably reliable. The method of 
Wangensteen and Rice is preferred to diose 
in which the patient remains supine or 
recumbent since, in die latter, the gas is 
apt to remain proximal to die blind end of 
die rectum. Administration of opaque 



Fig. I. Case i. Anteroposterior and lateral 
views made immediately, {B) five min- 
utes after and (C) ten minutes after the 
infant was suspended head down. Note 
gradually increasing ascent of gas in rectal 
pouch, and that there is greater clarity of 
detail and less risk of erroneous measure- 
ment in the lateral projection. The tip of 
the thermometer is in contact with the anal 
dimple. 


suspension by mouth is likely to cause ob- 
struction of the large intestine. 

CASE REPORTS 

Case i. W.E.B., a white male infant, about 
two months premature, was born after normal 
home delivery. The birth weight was 5 lb., 10 
oz. and the infant appeared to be normal in 
all respects save that there was no anal orifice, 
though there was a dimple. He was admitted 
to the hospital nine hours and twenty minutes 
after birth. Both parents were healthy and 
there was no family history of malformations. 
Three, six and nine hours after admission he 
was given half an ounce of 5 per cent lactose 
by mouth for the purpose of obtaining an 
accumulation of intestinal gas. On one occasion, 
twenty-seven hours after birth, he vomited 
green liquid material. The morning following 
admission, and twenty-seven hours after birth, 
roentgen examination was undertaken. 

Roentgen Rxamination. The infant was 
suspended head down before a loaded cassette 
and exposures were made in anteroposterior and 
lateral projections, with a thermometer tip held 
in apposition with the anal dimple. These 
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roentgenograms (Fig. \A) showed the closed 
end of the large bowel approximate!)'' 2.5 cm. 
from the tip of the thermometer. It occurred to 
me that possibly sufficient time had not been 
allowed to elapse between inverting the baby 
and taking, the roentgenograms. Therefore, 
two additional sets of roentgenograms were 
made at intervals of five and ten minutes after 
the infant had again been suspended head 
down (Fig. i, B and C). It was found in the 
five minute roentgenogram that the distance 
between the blind end and the thermometer 
tip was approximately 1.5 cm., and in the ten 
minute roentgenogram i.o cm. It was further 
noted that more accurate measurements were 
possible from the roentgenograms made in 
lateral projection since, in the anteroposterior 
views, the pelvic curvature of the intestine gave 
an erroneously shorter distance. 

Operation. Twenty-eight hours after birth 
an incision was made through the anal dimple 
and the blind pouch was encountered about 
I cm. above the cutaneous margin. The pouch 
was isolated, partially freed, and brought down 
through the opening in the dimple. It was 
opened and the edges of mucosa were sutured 
to the skin. No anesthetic was used. 

The postoperative course was uneventful 
and five hours after returning from the op- 
erating room the infant had a large meconium 
stool. He was discharged from hospital the day 
following operation and since then has shown 
normal development. Slight anal tightness was 
overcome by occasional dilatation. 

Case it. B., a white male infant, born at 
term, birth weight 7 lb., 3 oz. The infant was 
apparently normal except for the fact that the 
anal orifice was defective; it consisted of a pin- 
point opening to the left of the median raphe, 
with no corresponding opening on the right 
side. A slight amount of meconimn was ex- 
pelled through this orifice twenty and three- 
quarter hours after birth, but it was not pos- 
sible to insert a small catheter or the tip of a 
thermometer through it. There was no vomit- 
ing. 7'went}'-one and one-half hours after 
birth the infant was referred for roentgen 
examination. He did not receive any lactose 
solution to aid in the formation of intestinal 
gas. 

Roentgen Examination. I here was a pin- 
point opening to the left of the median raphe 
but attempts to introduce the tip of a .syringe, 
a fine catheter and to inject iodized oil were 
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unsuccessful. Roentgenograms made in antero- 
posterior and lateral projections at intervals 
up to ten minutes after the baby had been 
suspended showed the minimum distance 
between the gas distended rectal pouch and 
anal orifice to be about i cm. In this, as in the 
previous case, roentgenograms made at earlier 
intervals showed a greater separation between 
the gas and cutaneous marker. 

Operation. A grooved director was inserted 
through the pin-point opening and the median 
raphe was cut. When this was done, the anal 
canal appeared to be normal except that it was 
rather small. 

The postoperative course was good. The 
earlier stools were of meconium; later they 
became normal and the baby was discharged 
with its mother on the eighth post-partum day. 

Comment. These cases demonstrate the 
importance of waiting a sufficient lengtli 
of time after inverting tlie infant before 
taking roentgenograms. Ten minutes is 
probably not too long; a shorter lengtli of 
time is likely to give an erroneous impres- 
sion. They also illustrate the superiorty of 
lateral roentgenograms over those made in 
anteroposterior projection, altliough botli 
projections should be utilized since the 
lower end of tJie rectal canal ma)’’ be dis- 
placed laterally. Contrar)^ to die views of 
Berman^ and Crowell and Dulin^ the time of 
adequate intestinal gas accumulation can- 
not be set abitrarily at twenty-four hours 
since in Case 11 examination was less than 
and in Case i only slightly greater than 
that intenml. 

Case hi. B., female infant, was born, about 
seven months’ gestation, of healthy parents. 
Her birth weight was 5 lh-> * horn 

at 4I45 A.M. and at 7:00 a.m. there was 
projectile vomiting of meconium-like material. 
During the subsequent eighteen hours the 
vomiting continued. Saline enemas were re- 
turned clear, but she could tolerate only about 
an ounce of solution and they were immcdi-uc > 
and forcibly expelled. 1 he fact that a recf.i 
thermometer could be inserted for a distance 
of only 3 to 4 cm. led to the clinical impressmn 
that she had a rectal atresia and she was 
referred for roentgen examination twenty- 
eight hours after liirth. 
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Roentgen Examination. The technique of ended in close proximity to the cyst-like mass, 
examination was the same as for the cases Both the blind end of the intestine and the 
recorded above. A small catheter was inserted cyst had been displaced, between the times of 
into the anus to a distance of about 3.5 cm., examination, from the left to the right upper 
and there appeared to be a rather wide separa- quadrant. At this time it was also noted that 
tion between it and the gas-distended rectal there was marked gaseous distention of the 
pouch in the roentgenograms made ten minutes stomach and loops of small intestine. On the 
after the infant had been suspended head basis of these findings it was thought that there 
down (Fig. iA). This suggested the possibility Avas an obstruction of the small intestine, prob- 
of a high imperforation of the rectum. For the ably in the region of the terminal ileum, 
purpose of more accurately defining the The infant’s condition gradually became 
respective blind ends, approximately 15 cc. worse and was very poor when operation was 
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Fig. 2,. Case iii. The findings in {A), reproduced from a roentgenogram made ten minutes after the infant 
was suspended head down, show evidence suggestive of high rectal imperforation. This was disproved 
by insufflation of air ( 5 ) and injection of iodized oil (C). The partially calcified enterocyst is seen in (C) 
and (D) in close proximity to the mobile proximal end of the colon. 


of air was injected by syringe through the 
catheter. Contrary to expectation, no gas 
escaped from the anus and in roentgenograms 
immediately afterward, the rectum, sigmoid 
and large intestine could be defined (Fig. iB). 
Thereafter injection of 15 cc. of iodized oil 
showed clearly that there was no atresia of the 
large bowel beloAv the region of the left upper 
quadrant (Fig. aC). There was slight filling of 
what was taken to be the distal half of the 
transverse colon, though it was displaced 
laterally by a large cystic mass medial to it. 
The descending portion of the colon had a 
redundant loop and it was thought that there 
had been a failure of descent of the cecum. 
There Avas a slight accumulation of gas in the 
small bowel. The folloAving morning the infant 
Avas examined again by plain roentgenograms 
AAnthout additional contrast medium (Fig. 2D). 
The large intestine Avas Ausualized by gas 
content in the right upper quadrant and it 


undertaken on the same day as the second 
roentgen examination. The roentgen impression 
Avas confirmed; there Avas a blind termination 
of the ileum seA'^eral centimeters from the 
proximal end of the colon, and they Avere 
joined by a fibrous band. The closed end of the 
colon Avas found under the liver but more 
extensive exploration Avith reference to the 
cyst-like mass Avas not possible because of the 
infant’s poor condition. She did badly after 
operation and died about sixty hours after 
birth. 

Autopsy. At autopsy the cyst-like mass seen 
in the roentgen studies Avas found to be a 
partially calcified enterocyst beloAV the hepatic 
fissure. It contained broAvnish material re- 
sembling fecal matter, and Avas connected to 
the terminal ileum by a fibrous strand and to 
the mid-ileum by an almost atretic loop. 
Bands of fibrous adhesions connected it to 
both right and left lobes of the liA'-er and to the 
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omentum. The ileostomy was wide open and 
there was no obstruction between it and the 
proximal small intestine and stomach. 

Co 7 n 7 nent. It appeared feasible to demon- 
strate the depth of the anal or rectal 
atresia, using insufflation of air in the anal 
pouch as contrast medium. The injected 
air was successful in ruling out the presence 
of obstruction of the anal canal, rectum and 
large intestine; this was confirmed by use 
of opaque medium. An impression of small, 
rather than large, intestinal obstruction 
was confirmed at operation. The enterocyst 
and proximal end of the large intestine 
were apparently freely movable since be- 
tween examinations they changed from the 
left to the right side. This case illustrates 
the importance of using contrast medium 
to demonstrate accurately the depth of the 
anal pouch. 

SUMMARY 

1. Three cases illustrating congenital 
obstructing anomalies of the intestinal 
tract in newborn infants have been pre- 
sented and details of the technique of 
roentgen examination have been described. 
It is believed that proper roentgen exami- 
nation can be of great aid in guiding the 
surgical approach. 

2. Roentgen examination, to be of value, 
should be made after the infant has been 
suspended for at least five, and preferably 
ten minutes head down, in order to obtain 
maximum ascent of gas in the blind rectal 
pouch. 

3. Where there is no anal opening, an 
opaque object should be held in apposition 
to the site of the dimple. If there is an anal 
pouch, opaque medium should be injected 
into it. These measures will permit an 
accurate estimate of the depth of tissue 
between the anal membrane or perineal 
surface and the blind end of the rectal 
pouch. 

4. Roentgenograms made with the pa- 
tient suspended head down in lateral pro- 


jection are of greater value in estimating 
the tliickness of tissue between tlie rectal 
pouch and the perineal skin surface, since 
the pelvic curve of the intestine gives an 
erroneously short distance between these 
points when viewed only in anteroposterior 
projection. However, the anteroposterior 
view is important to demonstrate possible 
deviation to left or right of the terminal end 
of the rectum. 

The author desires to acknowledge his indebted- 
ness to Drs. E. D. Floyd, N. F. Mullen and B. Stcin- 
gold, attending physicians, and to Dr. C. C. Smith 
who operated upon all three patients, for permission 
to use these cases. 
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THE SO-CALLED FIFTH AND SIXTH CEREBRAL 

VENTRICLE* 

A CLINICAL AND ROENTGENOGRAPHIC STUDY 
AND CASE REPORT 

By S. J. SILBERMANN, M.D. 

BIRMINGHAM, ALABAMA 


INTRODUCTION 

T he correct diagnosis of some of the 
less frequently occurring cerebral le- 
sions was greatly facilitated and, in many 
instances, made possible for the first time 
by Dandy’s^’" discovery of ventriculog- 
raphy and pneumo-encephalography in 
1918 and 1919. Prior to that time, most 
of these disorders were recognized mainly 
during postmortem examinations. 

To these rare conditions of the central 
nervous system belong the rather hetero- 
geneous group of true cysts. They should 
be distinguished from the large division of 
cyst-like formations or false cysts which 
arise from various causes as from parasitic 
maladies, degenerative changes in tumors 
or tumor-like granulomatous disease proc- 
esses, interference with the flow of blood 
through the cerebral vessels, traumatic 
effects, and other obvious reasons. Some- 
times, differentiation may be very difficult 
as, for example, in those cases where 
ependymal adhesions snare off portions of 
the ventricles, converting them into cyst- 
like structures. Very often, microscopic 
examination of the walls of the cysts is 
necessary to differentiate between true and 
false cysts. 

Among the interesting anomalies of 
development of the region of the septum 
pellucidum, the corpus callosum and the 
fornix, rather frequent sites of malforma- 
tion as described by Jaeger and Bann- 
warth,® Reeves,^^ Love, Camp and Eaton,^® 
and Thompson,^® are the cysts which are 
caused by the pathological enlargement of 
the slit between the laminae of the septum 
pellucidum and the space between the 


undersurface of the corpus callosum and 
the psalterium or lyre of David under- 
neath, both perhaps better known as the 
fifth and sixth ventricle. The knowledge of 
this subject is by no means new, only the 
recognition during life is of recent origin. 
The cavum of the septum pellucidum has 
been known to anatomists for at least two 
centuries. Regarding the sixth ventricle, 
Andrea Verga, an Italian anatomist of the 
nineteenth century, claimed to be the first 
to describe this anomaly. Since then it 
has been called Verga’s ventricle or cyst of 
Verga, although it is sometimes also known 
as the ventricle of Strambio, the ventricle 
of the fornix and the triangular ventricle. 
In 1931, Dandy® first evaluated the ventric- 
ulographic appearance and clinical symp- 
tomatology of these anomalies. To him 
should also go the honor for the first 
surgical attempt based upon a correct 
clinical diagnosis. The proper diagnosis is 
of importance because of the fair pos- 
sibility of surgical correction in favorable 
instances, and because the recognition and 
separation of the asymptomatic types may 
avoid unnecessary surgical procedures. 

ANATOMY 

In most textbooks of anatomy, the 
cavum of the septum pellucidum and the 
cavum of Verga are mentioned only 
briefly, the former more extensively dis- 
cussed than the latter, and the same is true 
in textbooks of pathology, regarding their 
hydropic alteration. How'^ever, it would be 
erroneous to conclude from this that tliey 
are extremely rare. According to Dyke® 
these developmental anomalies occur singly 
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once in every three 
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or in combination 
hundred persons. 

The cavum of the septum pellucidum is 
usually referred to as a cystic or hydropic 
enlargement of the potential space between 
the leaves of the septum pellucidum which 
>nng in close apposition, but none the less 
being separated from each other, form the 
medial partition of each anterior horn and 
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Fig. j, a coronal section of the brain through the 
region of the cerebral peduncles, showing a cavum 
of Verga. The tip of the probe points to one dis- 
tinctly visible wall. 



G. 2. A frontal coronal section of the same brain, 
showing a co-existing cavum of the septum pel- 
lucidum. The tip of the probe enters the lower 
portion of this cavum. 

Ijacent portion of the body of the lateral 
mtricle, and simultaneously the lateral 
)undary of the fifth ventricle. The ante- 
3r wall consists of the undersurface of the 
;nu and the adjoining part of the corpus 
llosum. The posterior boundary is formed 
r the anterolateral surface of the columns 
■ the fornix, the floor by the anterior com- 
and the rostrum of the corpus 
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callosum, while the roof is produced by the 
frontal port, on of the body of the Iml 
Sttucture. The cavum lies in the median 
sagittal plane, its main axis having a 
vertical direction. 

Caudally to the cavum of the septum 
pellucidum and also approximately in the 
same plane lies the cyst of Verga occupying 
the space between the undersurface of tlie 
corpus callosum and the top of the psaJ- 
terium, a commissural structure between 
the rhinencephalic pathways in the for- 
nices. The posterior boundary of tliis 
cavum is contributed by the bulge of the 
splenium of the corpus callosum, and the 
anterior wail is formed by the limbs of the 
fornix. The structure has a triangular 
shape and flares out to either side, following 
for a short distance the curved course of 
the fornices (Fig. i and 2). 

Dandy® states that both ventricles co- 
exist and, in most instances, also coalesce, 
both cysts appearing as one large cavity. 
The point of coalescence is occasionally 
conspicuous by a more or less marked 
narrowing or actual constriction that bears 
resemblance to an aqueduct-like structure. 
These communicating cysts are frequently 
associated with developmental anomalies 
of the fornices. The cavum of A^erga may 
exist on one side of the midline only; the 
other alluded half may be absent or a 
potential space. 

The fifth and sixth ventricle may be 
completely isolated from the surrounding 
regular ventricular system, constituting a 
closed type of cystic enlargement. How- 
ever, this occurrence is infrequent, for they 
are usually connected through various open- 
ings with the third and lateral ventricle. 
These openings are inconstant in location, 
shape and size, very often being sub- 
divided by threads of tissue. The most 
frequently encountered names for them arc 
the foramen of Mihalkowski and the 

valve of Vieussens. , . nf the 

Dandy® advises against the use of the 

term ventricle because their cmbryological 
So'Zt is entirely independent 
also different front the anlsge of the 
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regular ventricular system. According to 
Hochstetter/ a process of absorption within 
the originally solid leaf of the septum 
pellucidum is supposed to convert this 
structure into two parallel laminae with 
either a potential or cystic space between 
them. In contrast to it is tlie origin of the 
regular ventricular system which arises 
from the original neural tube by a process 
of evagination. Dandy^ also points to the 
fact that die so-called fifth and sixth 
ventricle are conspicuous by the complete 
absence of choroid plexus in their wall. 

PHYSIOLOGY 

Being considered as developmental 
anomalies, no physiological importance is 
attached to their existence. However, a 
great deal of study has been devoted to 
the origin of the fluid in these cysts. It is 
obvious that the instances with com- 
munication into the regular ventricular 
system contain cerebrospinal fluid. In 
cases without any communication, the 
mode and site of production of die fluid is 
without satisfactory explanation, and, so 
far, only theoretical speculations have been 
offered instead. Some authors were of the 
view that a transudate from the third or 
lateral ventricle constituted the main 
source of die fluid. Van Wagenen and 
i\ird^^ objected, basing their argument 
against it on the sometimes considerable 
thickness of the wall of these cysts which 
is incongruous with the suspected mecha- 
nism of transudation into the cysts. Wolf 
and Bamford^“ tried to find ependymal 
cells in the lining of the cysts as a plausible 
source. However, they and other authors 
alike did not find such cells in the wall, it 
being composed mainly of glial fibers with 
a moderate number of interlaced fibrillary 
astrocytes. None the less, they admitted 
that the presence of aberrant or greatly 
modified ependymal cells with secretory 
properties could not definitely be ruled 
out. 

It is also rather surprising that there is 
no adequate chemical analysis. In his 
report on the chemical analysis of the 


contents of 56 cerebral cysts, Stern^^ did 
not mention even one of the congenital 
t^qje. The explanation for this may perhaps 
be found in the technical difficulties which 
are encountered during the surgical ex- 
posure since, as a rule, blood is mixed with 
the fluid. 

PATHOLOGY 

Van Wagenen and Aird^'^ divide the 
cysts of the fifth and sixth ventricle into 
two main groups, the communicating and 
non-communicating, the latter being sub- 
divided into the primary and acquired 
variety. This division is based mainly 
on the observation that the non-com- 
municating t)qDe may give rise to clinical 
symptoms; the other variant remains 
asymptomatic in most instances. 

In the primary non-communicating t)'pe, 
no openings have ever been established 
since their first embryological appearance. 
They remain completely isolated from the 
adjacent regular ventricular system. This 
group is seemingly extremely rare. Ac- 
cording to Dyke," only one case has been 
observed among 4,000 pneumo-encephalo- 
graphic examinations. As a rule, the non- 
communicating cavity changes into a 
communicating cyst because the steadily 
growing intracystic pressure causes breaks 
in the wall with the establishment of fistu- 
lous openings into the adjacent third or 
body of the lateral ventricle. From this 
type arises the secondary or acquired non- 
communicating division whenever oblitera- 
tion of the once produced communication 
reconstructs the continuity of the wall. 
This mechanism is mainly the result of 
changes associated with universal or par- 
tial hydrocephalus, causing hydrops of the 
fifth and sixth ventricle alone or in as- 
sociation with dilatation of the regular 
ventricular system. 

Both variants of tlie closed t}qDe may 
give rise to clinical syndromes by blocking 
the outlet of the third ventricle, the 
foramina of Monro or perhaps both, 
producing an internal hydrocephalus and 
increasing the intracranial pressure. These 
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cysts may also exert direct pressure upon 
the adjacent solid neural structures es- 
pecially the corpus callosum which' be- 
comes flattened and atrophied. It is also 
easily understood how intermittency of 
the deleterious effect produced by these 
cysts may ensue, simply by cyclic changes ^ucre cnese 

The differentiation between the closed 

j • -1 , r signs are in anv wav specific. J he neurn 

and open type .s easily made fay careful logical syndromes ari ,L.ally refc au" To 

air studies of the intracranial content. If ’ ' 

the air appears simultaneously in the cysts 


Hitherto published reports rcn-eaied the 
presence of mental and neurolouical dis- 
turbances. The fact diat Verga's cases were 
inmates of psychiatric institutes is perhaps 
more than just a curious coincidence. 
However, there are also many descriptions 
where these cysts have been found during 


the sequelae of increased intracranial pres 
, , , 1 ' sure with its well known subjective and 

and also m the regular yen tncular system, objective manifestations. Commlsions have 

been reported. Should the corpus calhisum 
be sufflciently damaged, the somewhat 
vague syndrome that is associated with 
such a location of the lesion may dominate 
the clinical picture. Even less specific than 
the neurological symptoms arc the mental 
signs, resembling psychoncurotic features 
in many instances. Perhaps the intermit- 
tency of the clinical signs and also the long 
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this is sufficient proof of free communica 
tion. However, careful consideration should 
be given to the possibility that the altera- 
tion of the intracranial pressure, associated 
. with and following the drainage of the 
cerebrospinal fluid, may have reopened 
otherwise obliterated fistulae or set in 
motion a ball valve-like mechanism. In 

favorable instances, a permanent opening ^ 

may be established in this manner and a duration arc w'orthy of consideration. It is 
curative effect obtained. In view of these obvious that the differential diagnosis, 
possibilities, it is advisable to repeat the a clinical point of view, without the 

roentgen examination after twenty-four, of roentgcnographic air studies, offers 
forty-eight or more hours in order to study great difficulties, 
the behavior of the aii in the cysts in 
comparison with the regular ventricles. 

Air may remain trapped within the cysts 
at a time when the other ventricles have 
already partially or completely regained 
their roentgenographic opacity. This Is 
evidence of an unstable communicapng 


system. An associated considerable thick- 
ness of the wall may also be contributory 
to retarded absorption of air. 

CLINICAL SIGNS 

It has onlv recently been pointed out 
that clinical manifestations may be pro- 
duced bv these hydropic anomalous ven- 
tides, especially by the closed type How- 
ever in no reported c.asc was the ssmp- 
Stologv characteristic enough to perm.t 
TTorket diagnosis with a f-r devree of 
accuracy. 


THF. ROENTGENOGRAI'HIC Al’l'nARANCr. 
AND ITS DIFRRFNTIAL DIAG.VflSLS 

A plain anteroposterior and Intern! 
roenttienogram of the skull will hnrdl} 
give evidekice a.s to the presence <>{ then: 
cysts because the specific wcigli^of tjw:r 
content docs not materially differ from 
that of the surrounding neural strucfurc- 
and the cerebrospinal fluid, thu.s nfiordinc 
neither obstacle nor facilitation for the 
pcnctratirm of roentgen rays, tnctcr ex- 
traordinary circumstances one rna>- '-u;] 
the presence of these cysts on 
roentccnocirams if there .sh 
somclnciderna} calcification ot t 

wall, content, or_ pcrliaq).^ 1 

anteroposterior view of me 

calcification may easiiy be 


pin 


luld i-ho'.*. 
rJi cr 
( jn 
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and can hardly be differentiated from other 
calcifications in a similar location as, for 
instance, from calcareous deposits in the 
pineal gland or in the course of the choroid 
plexus of the third ventricle, or from 
partially calcified tumors of the midline. 
A lateral view offers the same differential 
diagnostic difficulties. From the foregoing, 
it may be concluded that only air studies 
afford sufficient security in the establish- 
ment of a correct diagnosis. 

Air studies of cases with the closed type 
of cysts of the cavum pellucidum will 
reveal on a good anteroposterior roentgeno- 
gram a dense, rounded shadow between 
the air-filled anterior horns and the frontal 
portion of the body of the lateral ventricles 
with their gaseous content affording a 
sharp contrast. This rounded shadow 
separates the leaves of the septum pel- 
lucidum, bulging each one toward the 
lumen of the anterior horns in a more or 
less symmetrical way. On the lateral view, 
this shadow may not become discernible 
for because of its smallness it is easily 
extinguished by the subtraction effect of 
the air in the regular ventricles which, 
being projected upon each other, reinforce 
the phenomenon of subtraction. A co- 
existing Verga’s cyst may be diagnosed by 
its mechanism of displacement which de- 
presses and distorts the roof and body of 
the third ventricle, and also by the appear- 
ance of an internal hydrocephalus, as has 
been pointed out in the preceding pages. A 
coincidentally calcified pineal gland may 
also be displaced downward and poste- 
riorly, In pneumo-eiicephalographic studies 
with visualization of the corpus callosum, 
a thinning of this structure may also 
appear. Concerning the differential diag- 
nosis, tumors arising from the septum 
pellucidum or the anterior portion of the 
falx have to be distinguished from the 
cysts of the closed type lying between the 
leaves of the septum pellucidum. Regard- 
ing the differential diagnosis of the closed 
tj’pe of the cyst of Verga, tumors of the 
third ventricle and of the pineal gland 


closely resemble the roentgenographic ap- 
pearance of Verga’s cavum. 

In contrast to the difficulties encountered 
in recognizing the closed cysts is the ease 
with which open types are visualized on 
an anteroposterior roentgenogram. How- 
ever, this direction alone does not permit 
the recognition of a co-existing sixth 
ventricle because they lie in the same plane 
and are consequently superimposed. Their 
co-existence is at once discovered on an 
additional lateral view. Here in turn, a co- 



Fig. 3 . Schematic drawing demonstrating the topo- 
graphic relationship of the cyst of the cavum of the 
septum pellucidum and cavum vergae. /, view 
of the ventricular system from above; 2 ^ lateral 
view of the ventricular system ; frontal view of the 
ventricular system; y, coronal section through 
the brain at about the mid-region of the body 
of the lateral ventricle; A, anterior horns; C, corpus 
callosum; F, fornix; L, lateral ventricle; 0, oc- 
cipital horns; cyst of cavum of septum pel- 
lucidum; T, temporal horns; 77;, third ventricle; 
V, Verga’s cyst; IV, fourth ventricle. 

existing cavum pellucidum may not show 
up for the same reason as has been dis- 
cussed regarding the closed type. The cyst 
of Verga is easily seen as an oblong shadow 
of least density, its top usually appearing 
somewhat below the upper boundary of the 
nearby ventricular body and its floor 
slightly lower than the bottom of the 
same structure. This appearance is based 
on the anatomical peculiarity of the corpus 
callosum which, narrowed down to a small 
fascicle in the midline, lies here nearer the 
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base of the skull than laterally where it 
diverges upward forming there the roof of 
the lateral ventricle. On the other hand^ 
the floor of the cyst of Verga rests upon the 
psalterium, just above the tela choroidea 
of the third ventricle and the tectum of the 
midbrain, these structures being higher 
compared with the floor of the ventricular 
body (Fig. 3) . 

As both cysts co-exist in practically all 
instances, they cause on the lateral view 
the appearance of a comma-shaped shadow, 
with its longest axis oriented in the rostro- 
caudal direction. This comma-shaped shad- 
ow may show a slight constriction near 
the center, indicating the point of union. 

Although the isolated occurrence of a 
Verga’s cyst without the cyst of the cavurn 
pellucidum has been denied by Dandy, 
this anomaly by itself has also been re- 
ported. Leslie^ observed such an instance 
and he tried to coordinate his exceptional 
case with Dandy’s statement 

5;. 

rvst in this particular case. • 

Rffiarding the differential diagnosis of 
Kegaraing e the communicating 

the roentgen m the e 

types, agenesis of the corpus c 

it 

graphic ^oTpus callosum, 

„ital dtntricl reaches up- 

the roof of the tni , r falx which, 

ward to the n,, inden tales the 

in some instancy, actuah^ 

top of the third r . ^1,^. t),ird veii- 

broader than j j,. comes to lie 

„icle is adjacent 

between the , j ventricles, pushing 
portions of *e l«era ^ 

?hese structures to e.t 

„ore, the “^sent corpna . 

;ir:r-%"nt:;osterlor view. Ihis 


and the already mentioned imprint of the 
roof of the third ventricle by the falx are 
characteristic enough to permit a differ- 
ential diagnosis between agenesis of the 
corpus callosum and communicating hy- 
drops of the cavum pellucidum on an 
anteroposterior roentgenogram. On a lat- 
eral view, the cyst of V'erga may be 
separated from die upward extending third 
ventricle in congenital agenesis of tin: 
corpus callosum by die presence of a line 
of demarcation which indicates the bottom 
of the cyst of A'erga and the roof of the 
third ventricle, this demarcation being 
absent in agenesis of the corjius callosum. 


CASE REl-ORT 

Mrs. W. B., housewife, wiiitc, aged twenry- 
five, was admitted to the neurologicn! service 
of the Jefferson Hospital for the relief ot beaf.- 
ache and convulsive seizures. Since about her 
twelfth year of life she had been suffering irf.-m 
this diffuse headache, which came m bouts and 

was frequently associated with n.iusca .u 
occasional vomiting. Verv often, 'w 
was accompanied by general ■ ' 

■/vmllv ir occurred without other .)mp 
o late, tb« episodes of beadacl.e 

Speared 

SpeSne'r iny double vistommotor 
• ^ also complained a gre.u o 

impairment, blic juso c i .^nd 

of nervousness, tnab.bty to contu.,r.ue 

dlXt five or six years she had also h«n 

suftrin^rom episodes yuncons~ 

jinmcdiate reiat the ‘-late of ue- 

b’g of “™%"".;\ ;f,,t",hsctvcti bluidt Ji>- 

/•/^ncriousne.ss. 1 lie, li!r!s!i /nr.c 


;evcra! minutes 

loss of posture the 

Afrerwar(.s,_ v.M.h - , 

ijitcr disoriented, •> ' 

cradually met d-'- ' 

Severe headacne 
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the headaches and convulsive seizures, the 
patient was healthy. Her family history was 
also essentially negative and non-contributory. 

The physical and neurological examinations 
were essentially negative. The analysis of blood 
and urine did not reveal any abnormality. The 
spinal fluid was clear, colorless and under 
normal pressure. The chemical, serological and 
cytological examination of the spinal fluid was 
negative. Following the spinal puncture, her 



Fig. 4. Anteroposterior view of skull with air in the 
ventricles. Between the anterior horns the two 
leaves of the septum pellucidum are seen. They 
enclose a communicating type of cyst of the sep- 
tum pellucidum. 

symptoms became worse; a drawing sensation 
appeared in the nape of her neck, and she com- 
plained of seeing every object “four times,” 
one behind the other one. 

In view of the severe headache, a ventriculo- 
gram was made and the following roentgen 
findings were obtained: On the anteroposterior 
view of the skull (Fig. 4), a cavum pellucidum 



Fig. 5. Lateral view of skull with left side away from 
film. Roentgenogram was taken immediately after 
trephining for ventriculography. A comma- 
shaped shadow appears. The arrow points to the 
junction of the two cysts. 

becariie visible. On the lateral view (Fig. 5 and 
6) a cyst of Verga appeared, both anomalies 
being united and forming an oblong comma- 
shaped shadow of least density with a slight 
constriction at the point of coalescence. The 
diagnosis of a congenital hydrops of the fifth 

— ■ -5 



Fig. 6. Same \new but with right side away from 
film. The comma-shaped shadow is distinctly 
visible, its bottom being sharply demarcated from 
the roof of the third ventricle. Th, third ven- 
tricle. 
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and sixth ventricle was made. The presence of 
air in these cysts proved a free communication. 
Additional air studies were taken at twenty- 
four, forty-eight and sixty-t^vo hours following 
the trephining for ventriculography (Fig. 7). 
From these studies it became clear that the 
absorption of the air in these cysts was some- 
what delayed in comparison with the regular 
ventricular system. This finding would suggest 



■,r -7 Lateral view of skull with right side up, 
J-ike'o forty-eight hours following trephmmg. The 
air in the ventricles is less than m the st,ll d ■ 

tinctly visible ;f''‘;f,rca«™ pel- 

pellucidum;/^,cystof^erga. 

■aulty communication and also thickened walls 

)f the cysts. , patient felt 

Following this ,he hcad- 

,etter for severa in an 

iche and of the fact that the 

jnabated not eivc any evidence for 

roentgenograms did not gi also 

blocking of usvchoneurotic features 

rhTcru"‘“r 

correct the existing anomalies. 
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latter being subdivided into the primary 
and acquired varieties. 'File dosed group 
is more prone to cause mental and neuro- 
logical syndromes. A correct diagnosis can 
be made only with air studies. In the open 
type, the usually co-existing fifth and sixth 
ventricles communicate with each other 
and appear as one long, comma-shaped 
shadow on the lateral view. 1 he closed 
type of the cyst of the cavum of the septum 
pellucidum causes separation and bulging 
of the leaves of the septum pellucidum 
toward the lumen of the anterior horns 
while the closed cy.st of ^Trga produces 
signs of displacement, often associated 
with production of ititcrnal hydrocephalus. 
A twenty-four hour, forty-eight liotir or 
even later roentgenogram after the in- 
troduction of air into the ventricles should^ 
be taken because normally closed types oi 
these cysts may he reopened during the 
alteration of the intracranial prc.ssurc fol- 
lowing the drainage of the ccrebrospma 
fluid. Retention of air in these cysts is 
suggestive of a ball valye-likc mecliannun 
governing the communicating system le- 
tween these evsts and the regular \en- 
tricular system. 

shown and the roentgenographu. 
ential diagnosis is discussed. 
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BENIGN GIANT CELL TUMOR OF THE SPINE 

REPORT OF A CASE OCCURRING IN THE CERVICAL SPINE 


By MAJOR ELMER H. BROCK, 
and 

LIEUTENANT COLONEL FRANKLIN B. BOGART 
Medical Corps, Army oj the U^uted States 


T he occurrence of giant cell tumor of 
the cervical spine is thought to be 
sufficiently rare to justify reporting a case 
of benign giant cell tumor in which there 
was destruction of a part of the body, the 
laminae and the spinous process of the 
fourth cervical vertebra and in which there 
was complete recalcification of the tumor 
and relief of symptoms following roentgen 

therapy. , . ^ 

Rix and Geschickter/^ m an analysis of 
201 tumors of the spine, found 58 cases or 
primary tumors of which 15 were giant cell 
tumors. Kolodny,'' in the analysis of the 
material of the Bone Registry in 1927, 
found that giant cell tumors occu^ed in the 
spine in 8 per cent of cases. In Table i are 
listed the cases that have been collected 
from the literature. Some cases may have 
been missed but the list is .“"I; 

plete to indicate that the 
an infrequent location of “ 

of the spine, 12 out of 91 cases, or 13. P 

cent. 


benign, there are cases which are cither 
malignant from the outset or which un- 
dergo malignant changes. Some patho] 


'“*^**0' ^ ^ 

ogists prefer to use the term benign r 


Table I 

reported cases or giant cell tcliof. 
or THE SPINE 

Ciises 
Giant 

Author "ie-ir _ Cell ^ Spine 


and 


Cn'^fS in 
Cervicn! 


Tumor of 
Spine 

Lewis’® 'I ; 

Kolodny” ’928 8 • 

Cotton® ’928 

Bower, Clark and Davis’ 1930 M 

Santos’® ’9.30 * j 

Lindsay and Crosby” ’93.3 ’ 

MacFarlaneandLincll” ’9.33 

Milch” 

Murphy'’ ^ 

Pcircc .ind Lampc" ’9.)^ 


Duncan and Ferguson* 
Clcvcland' 

Cabot Case 2378 ’* 

Rix and Geschickter-' 
Brunschwig® 


’936 

’937 

’937 

19.38 

J938 


1 

1 

I 

< 

¥ 

I 

l 

1 

’5 

1 


jenkinson. Hunter and 
^ Roberts’^ 

Willard and N.cholson"^ 9..8 

Coley and Higinbotham; 9.38 

Richards and Singleton- 9..^ 

Meycrding” 

Gershon-Cohet. 


Total 


lO 


9 ’ 


Several other reports are listed in the 

Peftrinct but it is felt that these ^es^^- 
• 1 ^ A t-bose siven in the table as the> 

‘"‘=‘“fi'ea “er reports by the same group 

T rWs or from the same institution, 
of authors or rr m • ij^cause he 

Murphy case is lumbar 

reports a giant cel . ^^.^5 thought . 

vertebra in which op patient _ Mantccll 
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pathological . healing- 
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mode of production or the cause of giant 
cell tumor as follows: 

1. Neoplastic theory which assumes a 
true tumor originating in the bone marrow. 

2. A non-neoplastic theory which holds 
that the condition is not a tumor but the 
result of chronic inflammation or chronic 
irritation, i.e. a faulty repair phenomenon. 

3. Traumatic theory which assumes that 
an injury induces a subcortical hemorrhage 
in cancellous bone, and the area gradually 
extends and progressively destroys more 
and more bone. 

Geschickter and Copeland^^ believe that 
the benign giant cell tumor is a phase of 
normal bone development which has ex- 
tended beyond normal due to overactivity 
of the osteoclasts. Jaffe, Lichtenstein and 
Portis^^ would exclude the various variants 
of giant cell tumor. They disagree with 
many of the ideas advanced by Geschickter 
and Copeland. 

While giant cell tumor can occur at any 
age, it is generally agreed that it most 
frequently occurs during the second and 
the first part of the third decade of life. 
Jaffe, Lichtenstein and Portis believe that 
if the various variants of giant cell tumor 
are excluded, the lesion will almost always 
be found in persons over twenty years of 
age, and that a considerable number of the 
tumors will prove to be malignant. 

The spindle cell variants of the tumor 
occur commonly in vertebrae, flat bones, 
and bones of the hands and feet. They 
tend to heal readily and the prognosis is 
good. The case to be reported is a spindle 
cell variant type of giant cell tumor. 

As pointed out by Kirklin and Moore,^® 
roentgenograms of giant cell tumors may 
show the trabecula ted appearance often 
described as the typical roentgen finding 
in giant cell tumor or may show a pre- 
ponderantly lytic lesion with large areas 
of the bone completely absorbed. In the 
more advanced cases, the lytic areas may 
extend to the cortex, obliterating its 
shadow on the roentgenogram and the 
tumor may extend into the adjacent soft 
tissue. These authors suggest that the two 


types of roentgen findings probably repre- 
sent different phases of the same process 
and not two different types of pathological 
change. The case to be reported is of the 
lytic type. 

Roentgen therapy has long been recog- 
nized as a suitable means of treating 
benign giant cell tumor and its use has 
grown in favor with surgeons and pathol- 
ogists as well as radiologists during the 
past twenty years. Kolodny^” and many 
others advocate the use of radiation 
therapy without a biopsy in cases showing 
characteristic roentgen findings as re- 
corded on the roentgenogram, and state 
that in those cases in which doubt exists as 
to the diagnosis from the roentgenogram 
the doubt will probably exist after study 
of the tissue. In their series, 20 per cent of 
cases treated by curettage recurred. In the 
group reported by Rix and Geschickter,-® 
there was 25 per cent recurrence following 
curettement. Kolodny and others believe 
that when curettement is done and the 
lesion does recur, subsequent irradiation 
does not give as good results as in the 
uncuretted lesion. Another reason given 
for avoiding biopsy or curettage is the 
possibility of a superimposed infection 
following operation. 

Brailsford,® in his excellent summary, 
states that the characteristic appearance 
of a giant cell tumor on the roentgenogram 
can be easily recognized. Because of the 
ease of diagnosis by one sufficiently ex- 
perienced, and the excellent results from 
roentgen therapy it is unnecessary to do a 
biopsy. He gives the following limitations 
and disadvantages in regard to biopsy: 

. I. It does not reveal any additional features; 
it merely confirms the radiographic evidence; 
it may be misleading. 

1 . It weakens the stability of the bone; it 
may fracture the bone, or damage the joint 
surface, and make amputation appear essential. 

3. It removes the scaffolding on which repair 
can be built up and so delays restitution. 

4. It fails to reveal whether or not the 
tumor will fomi metastases. Tumors presenting 
the same histological structure may be eradi- 
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curetting or may metastasize 
and kill the patient. 

5 - It may actually disseminate the tumor 
cells. 

6 . It is an added risk to the patient. 

7 - There is evidence which suggests that the 
surgical trauma may incite malignant meta- 
plasia in some cases. 
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time and stiffness and some pain contimu-a fc- 
a three month period. Early in h, wa’ 
accidentally struck in the neck and complained 
of stiffness and pain in the neck radiatino 
the right shoulder with weakness in the ;mr. 
and numbness along the little tincer. Dnriri^- 
this same period, there was a smrdi amount 
pain in the left arm and some mimhnes:; i?! thv 
httle finger of the left hand. The r.idiarinti pain 
and numbness became worse diirinc Ap-ril, 
^ 943 > continued to slowly increase in 
intensity until .August u, 194-;, when he 
entered an overseas station hospital. At that 
time a neurological examination did mn n-vcal 
any evidence of oiganic pathology. Roentgeno- 
grams of the cervical spine made at that urns 
showed a destructive lesion of the spin.?”,' 
process , of the fourth cervical t’crfcbra. jarnne 


Rix and Geschickter,-^ on the other 
hand, advocate curettement followed by 
roentgen therapy. Man}^ surgeons advocate 
curettement and filling the defect with 
bone chips when the lesion is accessible, 
and give as one of the principal reasons for 
selecting this mode of treatment the fact 
that quicker end-results may be obtained, 

AA^here the lesion is located in the spine, the 
case is usuallv referred for roentgen therapy ^li-^ngcs in the upper 

because of inaccessibility for surgerv. It co,«pln,„c.l >,t an 

ij , I j r increased amount of radiating pam linwn b-i;h 

would seem that the mode of treatment considerable weakness of botl, am,., 

will have to be determined at present for ,,.,,5 transferred to a featr.,! 

each case and tiiat all phases of the in- hospital overseas wlierc a careful cxaminan'iir. 
dividual case will have to be considered, revealed tliat there was no muscle gnM!p 
The dose of roentgen radiation most atrophy or demonstrable weakness. A hlupyv 
advocated has been a tumor dose of 3 to 5 was done and a tumor which wa.b grayi-h in 
erythemas delivered to the tumor over a color, moderately bloody, and qnne Iri t n;, 
period of several months in divided series, fo"'’'! 'I’'®;’; 

approximntely i erytheina dose at each Piginatina in tlic spinona prnccrmf tlw f."«l, 
senes of treatments and the series of treat- 

ments administered at monthly intervals. Roentgenograms made at tlie genera! 

One reason for the divided doses has ap- j,.jj overseas revealed that the pri>ce.'. 

parently been that in some cases the tumor j.|,g laminae, the inferior facets .and partum-. >v 
enlarges and symptoms are aggravated the superior facets of r|ie fourth 
following roentgen therapy. After a few 
weeks the symptoms subside and the tumor 
undergoes recalcification. In the present 
case, the treatments were given at a little 
more rapid rate; there was no increase in 
the size of the tumor, and the patient 
experienced no aggravation of symptoms. 

AVhether or not aggravation of .symptoms 
is less apt to occur in the spindle cell 
variant of giant ceil tunior cannot be 
determined from a review of the literature. 

CASE REPORT 
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serum calcium 10.8, phosphorus 4, blood count 
normal, serology negative, urine normal, spinal 
fluid count cell count 2, gold curve normal, 
spinal fluid protein 50 mg. per 100 cc. 

The patient was admitted to Letterman Gen- 
eral Hospital September 30, 1943. Roentgen 





Fig. I. November 4, 1943. Roentgenogram showing 
destmction of the spinous process, both laminae, 
and a portion of the body of the fourth cervical 
vertebra. 

examination of the cervical spine at this time 
confirmed the previous findings and showed a 
little more destruction of the vertebral body, 
but there were no other apparent changes. 
There had been no apparent change in the 
subjective symptoms which the patient suffered 
and his head had been supported in a cast or a 
traction apparatus since he first reported to the 
station hospital overseas. There was consider- 
able pain in the neck and some radiating pain 
down both arms when the least amount of 
motion of the neck was allowed. The neuro- 
logical examination was also negative. All of 
the laboratory procedures were repeated and 
the previous negative findings were confirmed. 
A complete skeletal survey did not reveal any 
other areas of involvement. The patient was 
presented to the tumor board and treatment 
was delayed until the diagnosis of the tissue 
removed at the biopsy could be confirmed by 
the pathologists at Lettennan General Hospi- 


tal and the opinion of the Army Medical 
Museum obtained. After all of the data had 
been assembled, roentgen therapy was started 
on November 3, 1943. 

Report of Tissue From Overseas Hospital. 
Gross: Specimen consists of several small 
pieces of brownish-gray tissue, the largest of 
which measures 1.5 by 1.6 by 0.3 cm. Some of 
these specimens contain small spicules of bone. 
Cross section of the pieces that do not contain 
bone reveals a gnayish-brown surface in which 
a few flecks of hemorrhage are seen. The outer 
surfaces of the specimens are almost warty in 
character. Cross section reveals a few hemor- 
rhagic areas in the tissue. The tissue is very 
friable. Microscopic: Section consists of neo- 
plastic tissue in which several features of inter- 
est are noted. The stroma is composed of two 
types of cells. The great majority are con- 
nective tissue spindle cells showing no hyper- 
chromatism and exhibiting no mitoses. The 
other cell type present is the endothelial cell. 
It is thought that these are the origin of the 
giant cells. Xanthoma cells are seen. These are 



Fig. 2. December 17, 1943. Roentgenogram made 
six weeks after the administration of 1,380 r to 
the tumor shows considerable recalcification of the 
entire tumor area. 
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pale, epithelioid and probably contain fat or the tumor tissue and mindful of the fact that 
cholesterol esters. A moderate amount of repeated curettage occasionally transforms 
hemosiderin pigment is scattered diffusely these tumors into malignant growths, roentgen 
through the section. Numerous small capillaries therapy is probably the treatment of choice in 

this case. Diagnosis: Giant cell tumor of bone, 

* ' ^ benign. 

Microscopic Examination at Letterman Gen- 
eral Hospital. In areas, the lesion presents the 
typical appearance of benign giant cell tumor. 
Other portions of the growth, however, are 
more fibroblastic and show associated produc- 
tion of cartilage and osteoid tissue. It is not 
entirely clear whether these latter areas are 
compatible with a healing process in a ma- 
lignant lesion. It is considered possible that we 
may be dealing with a secondar>' giant cell 
reaction in a malignant bone tumor. One 
fragment of the specimen consists of acute 
inflammatory exudate. The matenal is being 
foi^varded to the Army Medical Museum fo 

consultation. ,. 

Army Medical Museum Report. d ag- 
nosis in this case is believed to be the so-called 
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fibrous dysplasia of bone. It will be noted that 
the main lesion is a fibrous one from which 
metaplastic bone trabeculae are formed. The 
occasional giant cells present appear to be 
osteoclasts in the region of hemorrhage, both 
fresh and old. The presence of cartilage in this 
lesion is not contradictory. It would be in- 
teresting to know whether there are multiple 
lesions in this case. 

In spite of the slight disagreement in the 
microscopical diagnosis, it was felt that when 
all of the findings in the case were considered, 
we were dealing with a giant cell tumor and 
that roentgen therapy was the treatment of 
choice. 

Thei-apy. Between November 3 and 13, 1943, 
the patient received 1,000 r roentgen radiation 
to each of two lateral 10 by 10 cm. fields 
centered over the involved area. Alternate 
fields were used daily. The factors used were 
200 kv.; added filtration 0.5 mm. Cu plus i.o 
mm. Al; 18 ma.; output 28.5 r per minute, 
measured in air; 50 cm. skin target distance; 
half-value layer, 0.9 mm. Cu. The estimated 
dose delivered to the center of the tumor was 
1,380 r. 

Between January i and 5, 1944, 500 r addi- 
tional was given to each field, treating both 
fields daily. The factors used were the same 
and tile estimated tumor dose for the second 
series of treatments was 690 r, which made 
the total tumor dose for the two series of 
treatments 2,070 r. 

Roentgenograms of the cervical spine made 
on December 17, 1943, showed extensive 
recalcification of the tumor, the main portion 
of the mass lying in the space between the 
spinous processes of the third and fifth cervical 
vertebrae. At an earlier date, the patient had 
noticed that the pain in his upper extremities 
on the slightest motion of the head had di- 
minished and by December 17, 1944, this pain 
had practically disappeared. During all this 
time, and until the middle of March, 1944, the 
head and neck were supported either by^ a body 
cast or a special brace. The fact that this 
support was constantly^ applied from the time 
the lesion was first discovered until complete 
recalcification occurred is probably responsible 
for the fact tliat the lesion healed without any”- 
deformity of the spine and with no damage to 
the spinal cord. Roentgenograms made at 
intervals of a few weeks after December 17, 
1944, showed increasing density of the callus. 


By mid March, 1944, the callus appeared so 
firm that the brace which supported the head 
and neck was discarded. There was no recur- 
rence of the pain which had completely disap- 
peared before this time. Neurological examina- 
tion was again negative and the patient was 
judged to be apparently’' cured and transferred 
to another Army hospital for observation and 
disposition. 

SUMMARY 

The incidence of giant cell tumor of the 
spine is briefly reviewed, and the incidence 
of involvement of the cervical spine noted. 

A case is reported which was diagnosed 
as a spindle cell variant of giant cell tumor 
on the basis of the history, physical and 
roentgen findings and study’' of tissue 
removed at biopsy’', although there was 
some disagreement as to the microscopical 
interpretation of the tissue. Complete re- 
calcification occurred following roentgen 
therapy with relief of the patient’s sy’'mp- 
toms. It is believed that the good result 
obtained (healing without deformity of the 
spine) was influenced by’- the fact that 
adequate support was applied to the head 
and neck from the time the lesion was first 
discovered and to the fact that no ex- 
tensive curettage was done. 
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HYPERTROPHIC OSTEOARTHROPATHY 

CASE REPORT* 

By EDWARD M. KLINE, M.D. 

CLEVELAND, OHIO 


I N 1935 a patient was admitted to the 
Medical Service of the University Hos- 
pital, Ann Arbor, Michigan, with pro- 
nounced clubbing of the fingers and toes 
associated with widespread skeletal in- 
volvement. Interest in the general subject 
of hypertrophic osteoarthropathy was thus 
provoked and a brief review was published 
in the University Hospital Bulletin^ but 
without any illustrations from this interest- 
ing case. During this interval nothing has 



was admitted to another hospital with a 
diagnosis of Pott’s disease involving the fifth, 
sixth and seventh dorsal vertebrae. This 
gradually subsided and from the age of eight 
to thirteen he was well enough to attend 
school. Numerous roentgenographic studies 
were made of the skeleton and the chest but at 
no time was there evidence of pulmonary 
involvement. 

One year before admission, pulmonary symp- 
toms commenced. At first there was only slight 
cough but five months before entry the cough 



A 


Fig. I. Extreme emaciation, genital underdevelopment, lack of pubic 
hair, and marked clubbing of the fingers and toes. 


come to my attention that so well illus- 
trates the universal distribution occasion- 
ally seen in this syndrome and for this rea- 
son the opportunity has been taken to re- 
port the case in some detail. 

CASE REPORT 

W. K., male, white, aged fourteen, was 
admitted to the University Hospital Novem- 
ber 7, 1935. The present illness dated back to 
1925 when the patient was four years old. At 
that time he had a painless swelling of the 
right knee from which tuberculous material 
was removed at operation. The next year his 
mother noticed a lump on his back and he 


became much worse and was accompanied by 
marked shortness of breath. There were oc- 
casional chilly sensations, night sweats, and 
great loss of weight. 

Physical Examination. The temperature was 
102.2° F., pulse 140, respirations 36, and blood 
pressure 120/50. The patient was an extremely 
emaciated and malformed boy whose develop- 
ment was about that of a ten year old child 
(Fig. 1). The skin was dry and bronzed in color. 
The eyes were deep set, the pupils being normal 
and reacting to light and in accommodation. 
There was a fetid odor to the breath, but the 
teeth were in fairly good condition. Examina- 
tion of the thorax showed a tremendous flare 
of the costal margins with prominent ribs and 


* I ^\ish to express my appreciation to the Departments of Medicine and of Roentgenology of the University of Michigan for per- 
mission to publish the case and to Dr. John F. Holt and Dr. Harrj' Hauser for help in collection of material and preparation of the 
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Fig. 2. Marked dubbing of fingers and toes. 
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Fig. 3, Roentgenogram of the chest showing the 
large abscess cavity in the left apex and the para- 
vertebral abscess extending beyond the right 
hilum. 

thin chest wall. The percussion note was 
hyperresonant except at the left apex where 
there was dullness. In this same area there was 
marked harshness of the breath sounds and 
many crackling rales. The heart v/as over- 
active and a systolic murmur was audible over 


Fig. 4. The paravertebral abscess in the dorsal re- 
gion is better demonstrated in this view. Kumer- 
ous calcified tuberculous foci arc present in the 
spleen. Vertebral destruction is seen in the regions 
of the sixth to the ninth thoracic, first and second 
lumbar and firstsacral segments. 

cells were slightly hypochromic. The white 
blood cell count was 12,500 per cubic millimeter 
of v/hich 76 per cent v/ere polymorphonuclear 
cells. A glucose tolerance test was normal; the 
blood phosphorus was 3.9 mg. per 100 cc. and 
the calcium 8.9 mg. per 100 cc. 

Ten direct examinations of the sputum for 
tubercle bacilli were negative although these 
organisms ivere cultured from both the sputum 
and gastric washings. 
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Roentgen Aposteroanterior roentgen- 

ogram of the chest (Fig. 3) showed a large 
cavity with a fluid level occupying the left 
apex and a less well defined semicircular 
shadow of increased density extending out from 
the right hilum. This shadow on the right was 
demonstrated to contain fluid when heavy 
exposures with a Potter-Bucky diaphragm 
were made (not illustrated). 


where it extended from the proximal to the 
distal epiphysis, but was also present to a less 
pronounced degree in the left scapula, clavicles, 
and ribs (Fig. 3 and 4). This lamination gave 
an “onion skin” appearance and at the distal 
end of the left humerus five distinct layers 
could be seen (Fig. 7 and 85 ). Generalized 
osteoporosis was present. 

Clinical Course. The patient was given 



Fig. 5. Lateral view of the spine better demon- 
strating the destruction of the vertebral bodies. 

A single anteroposterior roentgenogram of 
the thorax and abdomen (Fig. 4) showed 
destruction of the vertebral bodies in the 
regions of the sixth, seventh, eighth and ninth 
thoracic, first and second lumbar and first 
sacral segments. Numerous calcified nodules 
were seen in the region of the spleen. The 
crescentic shadow in the right hilum was again 
shown and was considered to represent a 
paravertebral abscess. 

There was a symmetrical and almost uni- 
versal elevation of the periosteum with sub- 
periosteal new bone formation. This v'as most 
striking in the long bones (Fig. 6, 7, 8, 9 and 10) 


Fig. 6. Anteroposterior views of tibiae demon- 
strating periosteal new' bone formation extending 
from the proximal to the distal epiphysis. Osteo- 
porosis is pronounced. 

transfusions and general supportive treatment. 
The spine was fixed by a posterior plaster shell 
and anterior frame. The pulmonary disease was 
so far advanced that no specific measures could 
be employed. He was transferred to another 
hospital for sanatorium care where he died 
March 7, 1936. No autopsy was performed. 

The soft tissue manifestations of club- 
bing have attracted tlie attention of clini- 
cians since the time of Hippocrates (whence 
the term hippocratic finger),® It was notun- 
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til 1889 when von Bamberger^ reported 2 
cases of bronchiectasis with skeletal in- 
volvement that correlation of clinical and 



Fig. 7 - Subperiosteal new bone formation involving 
the upper extremities. 
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pathologic findings was begun. Pierre 
Marie" reported the same condition one 
year later and attached to it the name of 
hypertrophic pulmonary osteoarthropathy. 
Although von Bamberger had priority, the 
condition is usually known by the name 
with which Marie designated it, less fre- 
quently as Marie’s disease or Marie-Bam- 
berger disease. Now that it is known that 
the bone changes may be secondary to 



Fig. 9. Periosteal calcification less 
pronounced in femora. 


,er than pulmonary lesions this part 
. name Iras been dropped and the cond - 
ti is known simply as hypertrophic osteo- 
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, lain the pathogenesis 
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med best explained either > . J 
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attempt to produce the condition experi- 
mentally. He injected the bronchiectatic 
secretions into the rectum of young rabbits 
but his results were negative. Compere, 
Adams and Compere- were unsuccessful fol- 
lowing artificially induced pulmonary col- 
lapse and lung abscess in dogs. More re- 
cently attention has been directed toward 
the circulation as the underlying defect. 
Mendlowitz and Leslie' simulated con- 



Fig. 10. The bones of the right hand show definite 
hypertrophic periosteal changes in the shafts of 
the metacarpals and proximal phalanges. There is 
marked osteoporosis. 


gential heart disease in dogs by anasto- 
mosing the left pulmonary artery to the 
left auricle. In one of two animals which 
showed increased cardiac output following 


this procedure, a definite subperiosteal pro- 
liferation developed which was similar 
grossly and histopathologically to hyper- 
trophic osteoarthropathy. Mendlowitz® has 
published recently a communication on 
“Clubbing and Hypertrophic Osteoarthro- 
pathy” which is complete in all details and 
includes an excellent review of the litera- 
ture to date. 

The case reported here illustrates in a 
t>’pical way the general features of the con- 
dition when it is present to an advanced 
degree. The long bones are nearly all in- 
volved, the distal epiphyseal region being 
more affected than the proximal as in the 
case of the humeri, tibiae, and fibulae. The 
profound osteoporosis characteristically ac- 
companies the advancing periostitis either 
as an integral part of the process or as a re- 
sult of the general debilitation of this indi- 
vidual. The distinctiveness of the lamina- 
tions is remarkable and suggests that the 
factors operating in its production were 
not continuous but rather that these layers 
represent mile posts marking separate 
stages in the long illness of this patient. 

10515 Carnegie Ave., 

Cleveland 6, Ohio. 

REFERENCES 

1. VON Bamberger, E. Case report. Wien. klbi. 

WcJpischr., 1 889, 226. 

2. Compere, E. L., Adams, W. E.> and Compere, 

C. L. Possible etiologic factors in production of 
pulmonary osteoarthropathy. Proc. Soc. Exper. 
Biol . 13 Med., 1931, 1083-1084. 

3. Hippocrates, Prognostic No. 17. Loeb Classical 

Library, 1923, 25.^ 

4. Kune, E. M. Chronic hypertrophic pulmonary 

osteo-arthropathy. JJ 7 UV. Hasp. Bull., Ajin 
Arbor, 1936,.?, 28. 

5. Marie, P. De J’osteo-arthropathie hypertro- 

phiante pneumique. Rev. de mid., 1890, 10, i, 

6. Mendlowitz, M. Clubbing and hypertrophc 

osteoarthropathy. Medicwe, 1942, 21, 269- 
306. 

7. Mendlowitz, M., and Leslie, A. Experimental 

simulation in the dog of cyanosis and hyper- 
trophic osteoarthropathy which are associated, 
with congenital heart disease. Am. Heart J. 

I942,5/,I4I-I52. 



Kovfs!);r.r,, 

THE AMERICAN JOURNAL OF ROENTGENOLOGY 

AND RADIUM THERAPY 

Editor: Lawrence Reynolds, m.d. Assistant Editor: Ruth Bigelow, b.s. 

Editorial Board: A. C. Christie, m.d. E. H. Skinner, m.d. Lauriston S. Taylor 
Advisory Board for Pathology: Eugene L. Opie, m.d. 

Collaborating Editors: The Officers and Committee Members of the Societies of which this Journal is the 
official organ, whose names appear on this page, are considered collaborating editors of this Journal. PorPipi 
Collaborators: Gosta Forssell, m.d., Stockholm, G. F. Haenxsch, m.d., Hamburg, R. Ledoux-Lebapd, 
M.D., Paris. 

Publisher: Charles C Thomas, 301-327 East Lawrence Avenue, Springfield, Illinois. 

Issued Monthly. Subscription $ro.00 per year, $rT.oo in Canada and $12.00 in foreign countries. Advertising, 
rates submitted on application: Editorial office, no Professional Building, Detroit, Mich., Office of publication, 
$01-32$ East Lawrence Avenue, Springfield, 111 . Information of interest to all readers will he found on page h. 


OJicers and Standing Committees 


AMERICAN ROENTGEN RAY SOCIETY 

President: Lyell C. Kinney, San Diego, Calif.; 
President-Elect: Ross Golden, New York, N. Y.; ist 
Vice-President: Raymond C. Beeler, Indianapolis, 
Ind.; 2nd Vice-President: Harold W. Jacox, U. S. 
Navy; Secretary: H. Dabney Kerr, University Hospi- 
tal, Iowa City, Iowa; Treasurer: J. B. Edwards, 144 
Woodridge Place, Leonia, N. J.; Historian: Ramsay 
Spillman, New York, N. Y. 

Executive Council: L. C. Kinney, Ross Golden, 
R. C. Beeler, H. W. Jacox, H. D. Kerr, J. B. Ed- 
wards, Lawrence Reynolds, J. C. Peden, P . A. 
Bishop, J. T. Case, Sherwood Moore, R. S. Bromcr, 
H. M. Weber, C. M. Richards, J. C. Dickinson, Chair- 
man, 210 Citizens Bank Building, Tampa, Florida. 

Program Committee: J. C. Dickinson, Tampa, 
Florida, H. D. Kerr, Iowa City, Iowa, Lawrence 
Reynolds, Detroit, Mich., J. T. Case, Chicago Ilj., 
P, A. Bishop, Philadelphia, Pa., Ross Golden, Chair- 
man, Presbyterian Hospit.al, Neiv York, N. 'i • 
Publication Committee: J. C. Bell, Battle Creek, 
Mich., U. V. Portmann, Cleveland, Ohio, J. T. Case, 
Chairman, Chicago, 111 . 

Finance Committee: H. F. Hare, Boston, Mass., 
E. L. jenkinson, Chicago, 111 ., J. C. Peden, Chair- 
man, St. Louis, Mo. r, A , <-1* 

Committee on Scientific Exhibits: R. A. -Arens, Chi- 
cago, 111 ., S. W. Donaldson, Ann Arbor, M'cK, I . A. 
Bishop, Chairman, Pennsylvania Hospital, Phila- 

^^^R^p%Mice on National Research Council: P. C. 

Swenson, Philadelphia, Pa. nr- i 

and: I.,,»rcncc licvnol*, no Proteional 

Tsi.Sant FJitor: Ruth Bigelow, no Profession.-!! 

Building, Detroit I, MiUi. Skmn'-r 

Editorial Board: A. C. Chnstie, L. H. bk..nn„r, 

i-r-e I.. Op... 
Md,cnUMr. 7 .-. . 945 , 


AMERICAN RADIUM SOCIETT 

President: William E- Costoloiv, lois Angeles, 
Calif.; President-Elect: Charles L. Martin,^ D-illas, 
Texas; rst Vice-President: Frank E. Adair, New 
York, N. Y.; 2nd Vice-President: Eugene P, Pender- 
grass, Philadelphia, Pa.; Secretary: A. N. Arncson, 
4952 Maryland Are., St. J-ovis, Mo. (Acting Secre- 
tary, E. H. Skinner, 1532 Professional Bldg., Kansas 
City, Mo.); Treasurer: Lcland R. Cowan, 6cfi Medi- 
cal Arts Bldg., Salt Lake City, Utah. 

Executive Committee: Lawrence^ A. Pomeroj’, 
Chairman, Cleveland, Ohio, Frederick P 
Boston, Mass,, Hayes E. Martin, Nev,- TorK, N. 1 - 
Program Committee: Charles L. Martin, Ch.nirman, 
Dallas, Texas, William S. MacComh, New Mirr:, 
N. Y., Eugene T. lAiddy, Rochester, Mmn., Her- 
bert E. Schmitz, Chicago, 111 ., John S. Bousjog, 
Denver, Colo. 

Publication Committee: E. H. Skinner, Cliairnun, 
Kansas City, Mo., Zoc A. Johnston, Pittsburgh. I a. 
Wilbur Bailey, Los Angeles, Calif. 

Researeh and Standardkalion Committer: Edith I . 
Quimbv, Chairman, New 1 ork, N. ]: 'T. . 

erwax. Philadelphia. Pa., W. S. M.-icComb, Ne. 

York, N. Y. I" * 

FAueatmi and Publicity 

Poble, Chairman, Madison, H irL'-on 

gent, b.akland, Calif., Robert B. fafr, Char, e. on, 

S. C. 





H. E. .Martin, ^New lo.-k, > • 


i. r,. oiaru!., A.-- J .f r..:k!irr: 

Represcrustha on American .■ 

Dodhs CKiick. New ^prk, N. U hM . 

Twenty-Ajfth Anr.u-A McfUnr: ’ 




VoL. 54, No. 5 



BONE CHANGES IN ELECTRIC CURRENT INIURIES 


T HEjncrease in the use of electric cur- 
reiitj not only the high tension current 
which supplies the city lighting systems and 
the great manufacturing industries, but the 
lower voltage household current which runs 
the various modern gadgets to ligliten the 
many household duties, brings with it an 
increase in the number of injuries resulting 
from electric current accidents and burns. 

The literature dealing with injuries due 
to electric current is not an extensive one. 
However, Palugyay as early as 1914 called 
attention to certain bone changes occurring 
in electric burns and he presented in a dis- 
cussion of two cases the roentgen picture in 
bone injuries, particularly those of the 
upper extremities, namely the hands. Very 
little information has been added to this 
early description of these bone changes, 
which would seem to indicate that this is a 
chapter somewJiat neglected in roentgen 
studies. 

The most common bone change accom- 
panying electric burns or injuries is the 
bone atrophy of the particular extremity 
involved in the accident and accompanying 
this bone atrophy is a sclerosis or liyper- 
trophy of the periosteum, sometimes with 
alterations in the contour of the bone struc- 
ture and rarefactions in the shaft of the 
bone, and occasionally a clear cut demarca- 
tion with sequestra formation. 

The bone atrophy presents itself as a 
typical picture in the marked lessening of 
the calcium content (halisteresis), and this 
extensive loss of calcium content may in- 
volve all the bones of the injured extremity. 
This extreme atrophy may present itself 
a roentgen picture several days after the 
injury, and indeed this is the usual occur- 
rence. Associated with this loss of calcium 
content there may be a so-called cylindric 


sclerosis of the periostem, which type of 
sclerosis not only occurs in the diaphyses 
involved in the initial injury, but also the 
neighboring diaphyses, and this sclerosis 
may involve the bone structure even though 
the initial injury does not occur in the soft 
tissues immediately adjacent. The perios- 
teal sclerosis may be a rather late mani- 
festation, that is a matter of days following 
the shock or burn. The sclerosis is similar 
to that observed in spina ventosa or in an 
osteomyelitic process. This sclerosis when 
first observed may conform rather closely 
to the shaft of the bony contour; later the 
sclerosis appears to be separated somewhat 
from the bone by a translucent zone as if 
the periosteal proliferation is elevated from 
the shaft of the bone, and consequently 
there may appear along the shaft of the 
bone a rather thick calcium deposit. 

Palugyay was not certain whether this 
so-called periosteal sclerosis represents an 
inflammatory reaction or results from a 
direct injury to the cells of the periosteum 
bringing about an ossification, or whether 
the changes are due to a subperiosteal 
hemorrhage. 

Jaffe believes it is probable that the ex- 
tensive bone changes are due not only to 
the initial electrical shock and the burn 
itself, but also to the changes brought 
about in the blood vessels and the nerves. 

It is the extreme atrophy of the bone 
structures of the injured extremities which 
is the striking roentgen finding, and the 
periosteal reaction may not be observed. 
Associated with these marked bone changes 
is a certain degree of fuzziness or indistinct- 
ness in the appearance of the contour of the 
bones, and there is not infrequently a 
softening of the bone structures leading to 
contractural deformities of the extremity. 
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with considerable thickness of the cortex 
toward the end of the process, and not in- 
frequently there may be actual sequestra- 
tion of the necrotic bone. The type of 
atrophy which involves the skeleton is 
somewhat similar to that observed in Su- 
deck’s atrophy. 

In the initial bone changes, there may 
appear hne and delicate lines as shown 
in the roentgenogram. On superficial ob- 
ser\''ation these are quite difficult to dis- 
tinguish from normal bone structure and 
curious!)' enough these lines may not ap- 
pear for two or three weeks and they pre- 
sent themselves in linear, zigzag or stellate 
type of bone pattern. These are among the 
earliest manifestations of the effect of elec- 
trical burns in the living bone, the extensive 
osteoporosis appearing sometimes weeks 
later, and associated with this osteoporosis 
there may be spontaneous fractures with 
sequestra as described. Unless the roent- 
genograms are examined carefully in c^es 
suffering from electrical burns these earliest 


manifestations may be complete!)' over- 
looked. 

It is with the bone changes in electric cur- 
rent injuries that the roentgenologist is 
primarily concerned. Since Pa!ug)'ay’s com- 
munication describing these changes little 
of interest or importance has been added 
even by the later observers, and there are 
implications in this fact that further ob- 
servations and experimental work on the 
skeletal changes in electric current injuries 
are needed. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 

AND NEWS ITEMS 


Items for this section solicited proinptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


United States of America 

American Roentgen Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annua! meeting: 1945, canceled. 

American College of Radiology 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago. 

Section on Radiology, American Medical Association 
Secretary, Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, Ohio. Annual meeting: 1945, canceled. 

Arkansas Radiological Society 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. bleets every three months and also at time 
and place of State Medical Association. 

Radiological Society of North America 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. y. Annual meeting: 1945, to be announced. 

Radiological Sectio.v, Baltimore Medical Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on Radiology, California Medical Association 
Secretary, Dr. Gordon G. King, 3700 California St., San 
Francisco 18, Calif. 

Radiological Section, Connecticut Medical Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Radiology, Illinois State Medical Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, 111. 

Radiological Section, Los Angeles County Medical 
Association 

Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif, bleets on second Wednesday of each 
month at the County Society Building. 

Radiological Section, Southern Medical Association 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooklyn Roentgen Ray Society 
^cretary. Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.l . Meets monthly on fourth Tuesday, October to April. 

Buffalo Radiological Society 
Secretaiy, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Aleets second Monday of each month 
except during summer months. 

Chicago Roentgen Society 
^^etary. Dr. F. H. Squire, 1754 W. Congress St., 
Chicago 12, 111 . Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

Cincinnati Radiological Society 

Ur. Samuel Browm, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

Radiological Society 

Secretary, Dr, Carroll C. Dundon, 2065 Adelbert Road, 
6, Ohio. Meetings at 6:30 p.m. on fourth 
1 londay of each month from October to April. 
allas-Fort Worth Roentgen Study Club 

Ur. X. R. Hyde, Medical Arts Bldg., Fort 
Texas. Meetings held in Dallas on odd months 
ana in Fort Worth on even months, on third Monday, 
atT.30P.M. ’ 

Denver Radiological Club 

Jackson, Jr., 1612 Tremont Place, 
third Friday of each month at 


^cretary. Dr. A. Page 
Denver, Colo. Meets 

Denver Athletic Club. 


Detroit Roentgen Ray and Radium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida Radiological Society 

Secretajy, Dr. J. F. Pitman, Blanch Hotel Annex, Lake 
City, Fla. Meetings in May and November. 

Georgia Radiological Society 
Secretary, Dr. James J, Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

Radiological Society of Kansas City 
Secretary, Dr, Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

Illinois Radiological Society 
Secretary, Dr. Wm. DeHollander, St, John’s Hospital, 
Springfield, 111 . Meets three times a year. 

Indiana Roentgen Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis, Meets annually second Sunday in May. 

Iowa X-Ray Club 

Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medical Society. 
Special meetings by announcement. 

Kentucky Radiological Society 
Secretary, Dr. W. C, Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 

Long Island Radiological Society 
Secretary, Dr. Marcus Wiener, i43o-48th St., Brooklyn, 
N. Y. bleets Kings County Med. Soc. Bldg, monthly 
on fourth Thursday, October to May, 8:30 p.m. 

Louisiana Radiological Society 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

Michigan Association of Roentgenologists 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year. Fall, Winter, Spring. 

Milwaukee Roentgen Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club, 

Minnesota Radiological Society 
Secretary, Dr. Annette T. Stenstrom, iai8 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 

Nebraska Radiological Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 

New England Roentgen Ray Society 

Secretary, Dr. George Levene, Massachusetts Memorial 
Hospitals, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

New Hampshire Roentgen Ray Society 
Secretary, Dr. Richard C. Batt, Berlin, N. H. Four meet- 
ings a year. 

Radiological Society of New Jersey 
Secretary, Dr. H. R. Brindle, 501 Grand Ave., Asbury Pk. 
Meets annually at time and place of State Medical So. 
ciety. Mid-year meetings at place chosen by president. 

New York Roentgen Society 

Secretary, Dr. Ramsay Spillman, 115 East 6ist St., 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:30 p.m. 

North Carolina Roentgen Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 


Secrctaries of Societies not here listed 


are requested to send the necessary information to the Editor. 
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North Dakota Radiological SociETr ® ■^' ^* fl*” California 

Wrr Dr, L. A. Naoh, St. Johrt Hoipl,»l, Fa„o. ThorHja?=vc«„r 

Meetings held by announcement. c Cuba 

Central York Roentgen Ray Society boazDAT) de RAoiOLoofA y Fisioterapia de Cuba 

Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. h 7 r 1 „ J' Manuel Viamonte, Hospital Mercedes, 
Three meetings a year, January, May, November Habana, Cuba. Meets monthly in Habana, 

Ohio Radiological Society British Empire 

a 7 ’ Dayton, British Institute of Radiolooy Incorporated with 

Ohio, Meets during annual meeting of Ohio State Mcdi- Rontgen Society 

cal Association. Medical Members’ mcetingheldmonthlyon third Friday 

Pacific Roentgen Society at aip p m, and Quinary Meeting at same time on 

Seere/^y Dr. L. H. Garland, 45° Sutter St., San Fran- following Saturday, October to May, 32 Welbcck St., 
cisco, Cahf. Meets annually, during meeting of California „ London, W.i. 

Medical Association. Section of Radiology of the Royal Society of Medi- 

Pennsylvania Radiological Society oine (Confined to Medical Members) 


Secretary, Dr, L. E. Wurster, 416 Pine St, Wlliamsport 

Philadelphia Roentgen Ray Society 
Secretary, Dr, C. L, Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8.00 P.M., in Thomson Hall, College of Physicians, 
21 S, 22d St 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6130 p.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P, George, Strong Memorial Hos- 
pital, Meets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain Radiological Society 
Secretary Dr.A.M. Popma, 220 N. FirstSt, Boise, Idaho, 

St. Louis Society of Radiologist s 
Secretary.Dr. Edwin C, Ernst Beaumont Medical Build- 
ing, St, Louis, Mo, Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Radiological Society 
Secretary, Dr. Carlton L. Quid, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:45 p.m., first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months atToland Hall, University or California Hospital. 

Shreveport Radiological Club 
Secretary, Dr, R. W. Cooper, Chanty Hospital, Shreve- 
port, La. Meets monthly on thjrd Wednesday, at 
7:30 P.M,, September to May inclusive. 

South Carolina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 

S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

Tennessee Radiological Society 

Secretary, Dr. J. M. Fr^re, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Radiological Society ^ . 

Secretary, Dr. R. P. O’Bannon, 650 Fifth Ave., Fort 
Worth 4, Texas. Next meeting, D.tIIhs, Texas, Monday, 
January 14, 1946. 

University of Michigan Depap.ti.ient of Roentgen- 
ology Staff Meeting . , „ , , 

Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

University or Wisconsin Radiological Con^rekce 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son Uls. Meets every Thursday/rom 4:00-5:00 p.m.. 
Room 301, Service Memorial Institute. 

Virginia Radiological Soctety , ,, 

^Cretan, Dr. E. L. Flanagan^ 116 E. Franklin St., 
Richmond, Va, Meets annually in October. 

Washington State Radiological Society 
Secrelan Dr, Thomas Carlile, 1115 Terry St, 

Meets fourth Monday each month, October through May, 
College Club, Sea ttI^ 


Medical Members’ meeting held monthly on third Friday 
at 2.30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbcck St. 
J London, W.i. 

Section OF Radiology or the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.w. 
at the Royal Society of Medicine i, Wimpole St#, Lon- 
don, W. 2. 

■ Faculty of Radiologists 

^ Secretary, Dr, M, H. Jupe, 32 Wclbeck St, London, W. i 
’ England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St, Sydney, 
New South Wales. 

Radiological Section of the Victorian Branch or the 
British Medical Association 
Secretary, Dr. Keith Hallam, St George’s Hospital, 
K.E,W., Melbourne. E, 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

Canadian Association or Radiologists 
Secretary, Dr. J, W. McKay, 1620 Cedar Ave., Montreal 
P. 0 , 

Section of Radiology, Canadian Medical Association 
Secretary, Dr. C, M. Jones, Inglis St, Ext Halifax, N, S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zca- 
land. Meets annually. 

South America 
S ociEDAD Argentina de Radiolooia 
Secretary, Dr, Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD Peruana de Radiolooia 
Secretary, Dr. Victor Giannoni, Apartado,_ 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the .Asociaa6n M&fica Peruana 
“Daniel A. Carrion, ViJlBit.'t 218, Lima. 

Continental Europe 

SociEDAD EsPANOI.A DE RaDIOLOCIA Y ElF.CTEOLOCIA 
Secretary, Dr. J, Marrin-Crespo, Fuencarrai, 7, Madnd, 
Spain. Meets monthly in Madrid. 

SociETE Suisse de Radiologie (Schweizerische Roi.t- 
gen^Sesellschaft) , 

Secretary for French language. Dr. Bab.iiant^ Geneva. 
Secretary for German language. Dr. ^Iax Hopf, nfnnger- 
strassc 49, Bern. Meets annually in different cities. 
Societatea Romana de Radiologie si Electrolooie 
Secretary, Dr, Oscar Meller, Str, Banul MMane, 30, 

S. I., Bucurcsti, Roumania. Meets second Monday m 
every month with the exception of July and August 
All-Russian Roentgen Ray Associatio.v, Leningrad; 
USSR in the State Institute of Rocntgcnolog) ana 
Radiology, 6 Roentgen St , c n 

Secretaries, Drs. S. A. Reinberg and S, G. Simonson, 

Meets annually. 

Leningrad Roentgen Ray Society , _ . 

Secretaries Drs. S. G. Simonson and G. A. Ousteon. 
MeeL monthly, first Monday at 8 o’cIock,Swtc Insnwte 
of Roentgenology and Radiology, I-cningrad, 

W. Wk T- 

Konobejevsky. Meets monthly, first Monday, 8 p- 

SCANDINAVIAK RoEirTGEN SOCIETIES f^^.A i ioini 

The Scandinarian roentgen soacues have forme , L, j 
called the Northern ” J’/ dJffS 

Radiology, meeting tv^ “ 

countrifJ belonging to the Assoastioa. 
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LAURISTON S. TAYLOR 
HONORED 

The Bronze Star Medal for meritorious 
service was presented on October 26, 1945, 
to Dr. Laiiriston S. Taylor, 4923 Battery 
Lane, Bethesda, Maryland, by Major Gener- 
al Samuel E. Anderson, Chief of Staff, Conti- 
nental Air Forces, in General Anderson’s 
office at Bolling Field, D. C. Dr. Taylor, 
whohasbeen associated with theOperations 
Analysis Branch of the Army Air Forces, 
served in the European theater of opera- 
tions from May, 1943, until June, 1945, 
being stationed in England, France, Bel- 
gium, Germany and Luxemburg. 

The citation accompanying Dr. Taylor’s 
award commended him for outstanding 
leadership, analytical ability and technical 
skill demonstrated while he was chief of 
the Operational Research Section of the 
9th Bombardment Division. Under his 
direction, the efficiency of lead crews in- 
creased, a highly efficient program of bridge 
interdiction was scheduled and bombing 
accuracy greatly improved. 

Dr. Taylor arrived in France shortly 
after D-Day to aid in an investigation of 
enemy targets hit by allied aircraft for an 
assessment of the effectiveness of our 
weapons against these targets. 

A graduate of Cornell University, Dr. 
Taylor is a member of the American Physi- 
cal Society, the Washington Academy of 
Medicine, the American Roentgen Ray 
Society and the Radiological Society of 
North America. He plans to return to his 
pre-war position as Chief of the X-Ray 
Section, Bureau of Standards, in Washing- 
ton, D. C. 

BRITISH HOSPITAL PHYSICISTS 
association DIAGRAMS AND 
data SUB-COMMITTEE 

Charts and diagrams often appear in the 
radiological literature which are too small 
to be of practical use; it would be con- 
yenient if there were some wayTf obtaining 
full size copies of the originals. Also institu- 
tions accumulate diagrams and data for 


their own use, which are not published but 
which would be useful to others if they were 
available. 

The British Hospital Physicists Associa- 
tion has undertaken to provide such a 
clearing-house, and has issued a catalog of 
some 200 items which are available. These 
comprise a wide range of isodose curves and 
dosage calculation charts for roentgen rays 
and radium, diagrams of apparatus, tables 
of mathematical data, and a few books. 
Anyone having data to share can list it with 
the Secretary of the Association and any- 
one wishing to obtain any of the items can 
order them through him. The cost per item 
is moderate, and it is expected that it will 
be reduced when the scheme has been in 
operation long enough to build up a small 
reseiwe. 

Detailed information as to what data are 
available, and current charges therefor can 
be obtained from the Secretary, Dr. J. 
Read, Radiotherapy Department, The 
London Hospital, Mdiitechapel Road, Lon- 
don E I. 

This is an excellent idea and one that 
might well be copied by radiological physi- 
cists in this country. Cooperation could 
then be developed between British and 
American groups for their mutual profit. 
No American organization exists analogous 
to the British Hospital Physicists Associa- 
tion, but physicists are well represented on 
the Standardization Committees of both 
the American Roentgen Ray Society and 
the Radiological Society of North America, 
and such a plan might come within their 
scope. Or it might appropriately be an ac- 
tivity of the American College of Radiol- 
og)S with an advisory committee of physi- 
cists and radiotherapists. It is suggested 
that the subject be put before the various 
interested groups for consideration. 

“COMMITTEE ON'GROWTH” OF 
THE NATIONAL RESEARCH 
COUNCIL 

The appointment of a Committee on 
Growth, with membership designed to be 
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broadI>- representative of the fields con- 
cerned in cancer research, both basic and 
clinical, has already been announced by the 
National Research Council of the National 
Academy of Sciences. The Committee was 
created, within the Division of Medical 
Sciences of the Council, as a result of action 
by the American Cancer Society designat- 
ing the Academy as its scientific adviser for 
research. 

d'hc Committee wishes to call the atten- 
tion of interested investigators to the gen- 
eral outline of endeavor which it proposes 
to foster and the general principles by 
which it will be guided. 7”hc Committee 
accepts the interpretation of its field of in- 
terest as including reliance on, contact wttli 
and support of research in the i)nsic sciences 
bearing broadly on the whole plicnomenon 
of growth. 

d'he Committee has atiopted the follow- 
ing major principles hy which, so far as 
possible, it will be guided in its sponsorship 
of rescarcit and training programs: 


(a) De.sirability of long-term grants to 
projects of major importance. 

(b) Grants, where possilile, of such mag- 
nitude as to permit individual inves- 
tigators to appoint associates for 
long-term training periods. 

(c) Granting of fellowships to itistitii- 
tions for training of workers to ac- 
t|U!rc new rcchniijues ntul wider cs- 
perlencc. 

(ti) Maintenance of continuing ituiivid- 
ual contact with workers jh the field. 
(c) Poovisjon, on a irarticipatine bas'.s, 
tor continuing economic security tor 
pro fc s S' o n a 1 (jrk c r- , 
iff I.il.'eral affiftuie touard the invest!- 
catorV work, lii^-' pubhc.ntion and rc- 
p'.frts. 


d'o as-ist it in, tine fulfdlrr.cr.t ot cut- 

vi'Ofrv fu?u:t;--!n% the ( orur.v.rtrc, on Jt-. 

r cr.: o*- 

J-yg o, (,f 

Hi. > . i » ’ ' ' ■ 


oa.T’, will itrakc tre-c U'-c cc 

•' suh:sc!:f?>iffer- in Swe: 


O ’■ 


Ui'Crr't. vurVu' 






r f 5 D I 


.V, rc<; *' 


reports, etc.: make surveys to analv 7 e proh- 
lems or to determine progress i?i .areas of 
special interest pertainiiig to cancer; evaiu- 
arc, through study by suhconuniticcs a?:u 
by tlie main committee, basic and clirfiva! 
research undertakings, and ssihmit rccon',. 
mendations for .'support to the AtJicrican 
Cancer Society; initiate and plan hroad c-r 
specific programs oi basic and clinical re- 
search, through activities of the sviheum- 
mittces and main committee, and seenrr tin* 
cooperative efFort.s of ifU'csrigators ijs the 
general undertakings. 

I he Committee has established a cetifr.t* 
office in the Washington lieati(}u.ar^cr^ of 
the C<njj)ci] wjjere inff)nm!fio?j o!! all plia- C' 
ol cancer research will be assembicii .ar.;! 
from which reports tna)' be distri!)mc,l tu 
in te res ted i n \-es t i ga tt » r s , 

.Many members of the Committee bate 
participated intensively itt the broad 
grams of research conducted utsder the 
pressure of war. It is l?otij the hope attil the 
sanguine espectatioti of the Conmufire 
that the fruitful [tatfern of cooperatih c uv 
vestigations so siiccc'-stuib estahii'died ditt' 
ing the war year.<, can now be c.-ttra'd ors. 
motiified anti tempercii tf> esi'-ffne nrcd-i, 
into the continuinu war acanv t 


.Metnbership of the CojnsT.ittcc, n*'"’ 
cottstituted, include;- the foih»witie: fb- 
C. P. Rhoads, ChaintirJi, Dr. R. 

.‘sal>in, Sra‘<t(ir\\ Dr. .3. ib D'h lie/. Dr. 5- 
Baini Hastisu;'-:. Dr. Citath,-. Ik lioev:-!-. 
Dr. Donald I-, bmew Dr. C. C. Ldflr. Dr. 
Carl R. Mo'.rc, Dr. jobn J. D'. 

James Vo Morph Dr. b.uecn- R- iVr.d- o 
crass, Dr. Howard C. ‘la-dor, jr.. De 

M. A. Tuve, Dr. M. C. Wuire'ou/. 

Pbib!> b. Owen, M.D. /d'- td- G o 

f‘n Dr.o;.:'**., i)r:yr- o r 
Ag/iscM !Uif.y, h r.un:i: 


V*';;’'- V-.'T f'. ; " , f> * 


Kxi nnn' p’GI; 

\ ra'*tr- ky-’ 
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Golden and Dr. C. E. Huftdrd to confer 
with Colonel A. A. deLoriniier regarding 
the disposition of the extensive Exhibit on 
Bone Tumors of the late Dr. John T. Mur- 
phy of Toledo. The following decision has 
been made: 

1. The original exhibit w’ill be main- 
tained permanently in Washington, D. C,, 
in the Army Medical Museum. 

2. The Army School of Roentgenolog)*^ 
will make two copies of the exhibit. One 
set will be retained by the School for use in 
teaching. The other set will be the property 
of tlie American Roentgen Rav Societv. 

CELEBRATION OF FllHlETH 
ANNIVERSARY OF DISCOVERY 
OF THE ROENTGEN RAY 

Various professional and lay groups in- 
terested in the roentgen ray are celebrating 
the Fiftieth Anniversay of its discovery at 
a meeting to be held in the Cleveland Medi- 
cal Library, Cleveland, Ohio, on Novem- 
ber 8, 1945. In the afternoon there will be 
talks by a representative of one of the uni- 
versities, a radiologist, a dentist, and a re- 
search industrialist. In the evening, after a 
short historical program, there will be an 
exhibit illustrating the uses of the roentgen 
ray in medicine, dentistry, public health 
and industry. The exhibit w'ill be open to 
the public on Sunday afternoon, Novem- 
ber II. 

The committee consists of Dr. Howard 
Dittrick, Chairman, J. T. McCarthy, L. O. 
Olson, H. J. Wallace, Dr.' J. S. Driver, Dr. 


Otto Glasser, Dr. Harry Hauser, and Dr. 
J. A. Sweenev. 

NEW ENGLAND ROENTGEN 
RAY SOCIETY 

At the meeting of the New" England 
Roentgen Ray Society to be held on 
November 16, 1945, at eight o’clock at the 
Harvard Club, Boston, the Fiftieth /\nni- 
versary of the discovery of the roentgen 
rav will be commemorated bv the following 
special program: 

The Use of Roentgen Rays in Art. William J. 

Elliott, M.D., Worcester, Mass. 

Some Industrial Applications of Roentgen 
Rays. Paul E. Tivnan, M.D., Beverly, Mass. 
The .A,pplication of Roentgen Rays to Crime 
Detection. Joseph T. Walker, Ph.D., Chief 
of State Police Laboratories. 

Roentgen Rays as a Tool of the Physicist. 
Bertram E. Warren, Sc.D., Cambridge, 
Mass. 

Roentgen Rays in Medicine. Merrill C. Sos- 
man, M.D., Boston, Mass. 

SEGUNDO CONGRESO MEXICANO 
DE CANCER 

A cordial invitation is extended to the 
members of the American Roentgen Ray 
Society to attend the Segundo Congreso 
Mexicano de Cancer and Tercera Semana 
Medica de Occidente to be held in Guada- 
lajara, Mexico, February 3 to 9, 1946. The 
President is Dr. Manuel Ribeling and the 
Secretary is Dr. Enrique Garcia Ruiz, 
Edificio Lutecia No. 123, Guadalajara, 
Jal., Mexico. 
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X-Ray Isodose Curves. Compiled by the 400 kv. (peak), 0.22 mm. Sn plus 1.7 mm. A1 filter, 
Staff of the Physics Department of the Royal 3-6 mm. Cu half-value layer, ai charts for essentially 
Cancer Hospital (Free), London, S.W. 3. fields and distances as the 200 kv. group. 

45 kv., 60 kv., 140 kv. (peak), 200 kv., 400 Bj.js.od. 

kv. (peak), isodose curves. Reprint of Per- Xhe 45 and 60 kv. sets are applicable only to 
centage Depth Dose Tables supplied with the Philips and Chaoul contact equipment re- 
each set of curves. Isodose curves contained spectively. It should be noted that the former 

in stout cardboard portfolios. Complete set are drawn twice actual size. It is the opinion of 

at £io.iOJ.otf. Royal Cancer Hospital (Free), this reviewer that the 140 kv. (peak), 0.25 mm. 

Fulham Road, London, S.W. 3, England. Cu filter combination is not now widely em- 

Tables and charts readily available to Ameri- ployed in this country, 
can radiologists give roentgen-ray depth doses The values for the doses along the axis of the 
along the axis of the radiation beam, for almost beam, for 200 and 400 kv. (peak) are in goo 
any desired set of physical factors. For points agreement with data currently used m the 
off the axis the dose is known to be less than United States; these charts should be useful to 
that in the central position; toward the edge of every radiologist for determination of dose to 
the field the difference becomes marked. For any part of a region under 
satisfactory determination of dosage at any corresponding to a -va ue ° ‘ . 

position off the axis, isodose charts are essential, mm. Cu However^since 

Scattered charts of this sort are to be found in ployed here than 1.5 mm. Cu. However, si 
the literature as parts of articles on radiation in this range differences are not larg^ sat is- 
nmasu^^^ few of these are convenient for factory values for either yo or 2.0 min. Cu a - 
reeularuse even if they present desired factors, value layer can be obtained y ma ing 
The Phy^icrDepartment of the Royal Cgncer corrections. Values for distances ^^d not 
Hosoital (Free) recognizing the need for a wide included in the set can be determine 
variety of charts of this sort, has prepared a polation with of tables. 

.et colering a considerable range of qualities ^he prepara^^ ZlLed to 

and field sizes. These are based on experimental •„ associates for the manner 

work at the Hospital, supplemented by data Dr. Mayneord and his associates to t^^ 

from the literature. Each chart is printed m 
black, red, or green, on fairly transparent trac- 
ing linen, in actual size, so that it is convenient 
for use with life-sized anatomical diagrams. 

The complete set comprises 66 charts as fol- 
lows: 

, ^ charts, small fields and short distances, 

appropriate to Philips contact equipment. Cost, 

^lo^icv.— 8 charts, small fields and short distances, 
appropriate to Chaoul contact equipment. Cost, 

(peak). 0.25 n,n,. Cn filrer, 
half-value layer (approximately 7 ram. M ha - . 
layer), 9 charts, small and medium fields, 15 25 cm. 

'‘"‘“X Cu pi- r- ''' "'"if 


, 22 ch»«s, 71, 

and large fields “ Kcl dTs- 
axis for a few rectangular fields, 50 

tance. Cost, 


’. iviayneuiu auu ms _ 

in which it has been accomplished. It is to fie 
hoped that they will be encouraged to provide 
others for the 100 kv. (peak) region, a 5 
25 cm. distances, .and 

Les bases phvswues 

roentgentherapie. 1 ar 1 aui ^ u' 
Doctenr b Sciences; 

de Medecine de Avec la 

Centre R(g.onal centre C“ 7 „„|ii,es. 
collaboration de h h • 1 c Pierre 

Jean Reboul, f'^enr Strohl. 

Lorimy. Preface de Mr j paHs: 

Paper. Pp. 53 . 0 , with 284 illustrations. 

Masson et Cie, 1942 - _ . , 

Convinced that 'arc 

little ” i and bioloB)', tha 

familiar with its basic physics ana 
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author has undertaken to assemble this ma- 
terial in a comprehensive volume, and has done 
it well. 

The nature and behavior of roentgen rays are 
thoroughly discussed, but wdth a minimum of 
mathematics. Roentgen-ray tubes of many 
types are described, and numerous transformer- 
rectifier circuits presented. The chapter on 
qualitative measurements is the best this re- 
viewer has seen on that topic, including spec- 
trometry, voltage measurements of various 
types, and the different schemes based on ab- 
sorption measurements. Under quantitative 
measurements, a number of standard dosim- 
eters are described in some detail. The section 
on practical dosimetry is rather disappointing 
in that it contains insufficient data for dosage 
calculation in actual therapy. 

Basic radiobiology is as well handled as basic 
physics. Reversible and irreversible effects on 
the living cell, the phenomenon of radiosensi- 
tivity, and quality, intensity, and time factors 
are discussed. The action of roentgen rays on 
various tissues and organs is set forth in detail; 
relative radiosensitivities are given, and related 
to therapeutic possibilities, especially in the 
treatment of functional and inflammatory con- 
ditions. In relation to the biologic basis of 
clinical dosimetry, the importance of a study 
of tissue recovery is emphasized. 

Radiation therapy techniques are discussed 
from the points of view of radiation quality, 
and of the spatial and temporal distribution of 
the dose. Under the first heading, much at- 
tention is given to very soft radiations — Bucky, 
Philips, and Chaoul type of equipment. Under 
the last, various techniques for fractionation of 
dose are presented, with little critical attention 
to discrepancies in the numerical data of dif- 
ferent authors. 

The hazards of radiation to patients and to 
personnel of a department of radiology are 
thoroughly discussed and desirable protective 
measures are outlined. The national French 
regulations are included. 

A final chapter by Reboul contains an excel- 
lent summary of the various theories of biologi- 
cal action of radiation. 

The book ends with an extensive bibliog- 
raphy, which, unfortunately, contains many 
misprints. Most of these arise in translations of 
titles and are unimportant, but in a considerable 
number of instances names of authors are mis- 
spelled or first names used instead of surnames, 
3 nd in a cursory inspection several errors in 


dates were noted. The main text appears free 
from such mistakes. A serious handicap is the 
lack of an index. The table of contents is quite 
complete and detailed, but is not entirely satis- 
factory as an aid to finding pages for definite 
topics. 

Edith H. Quimby 

The Fundamentals of Electrocardiograph- 
ic Interpretation. By J. Bailey Carter, 
M.D., F.A.C.P,, Assistant (Rush) Profes- 
sor, Department of Medicine, University of 
Illinois College of Medicine; Attending Staff, 
Cook County Hospital, Augustana Hospital, 
Chicago. Second edition. With a Foreword 
by Horatio Burt Williams, M.D., Dalton 
Professor of Physiology, College of Physi- 
cians and Surgeons, Columbia University, 
New York. Cloth. Price, S6.oo. Pp. 406, wnth 
309 illustrations. Springfield, Illinois: Charles 
C Thomas, 1945. 

The title of this book is grossly misleading 
for the author fails to present adequate or ac- 
curate material to justify such a resounding 
label on the backstrip. Over one-third of the 
book is given over to the electrocardiographic 
changes associated with myocardial infarction. 
Much of this material is repetitious and poorly 
organized since the writer reprints here six 
papers, dealing with this subject, which he has 
previously published in medical journals, pre- 
senting them as separate chapters with prac- 
tically no alterations. Relatively little impor- 
tance is given to the QRS changes which occur 
in myocardial infarction and unduly great 
stress is placed upon the T wave alterations 
in this condition. The author tends to over- 
emphasize the value of the electrocardiogram 
in following the progress of a patient who has 
had an acute coronary thrombosis, giving it a 
place above that of clinical observation. Exam- 
ples of the writer’s misconceptions regarding the 
electrocardiographic changes in coronary ar- 
terial disease are such statements as “an absent 
R4 or Qs occurs with coronary sclerosis without 
infarction and may occur even in the absence 
of coronary disease” and “rarely, if previously 
absent, does a deep Q3 appear following in- 
farction.” It is stated repeatedly that inverted 
T waves must be present in lead II to permit 
the electrocardiographic diagnosis of posterior 
myocardial infarction, yet the author repeated- 
ly fails to adhere to this criterion in the diag- 
noses accompanying his own figures. 

In this work a technique for recording the 
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precordial electrocardiogram is recommended 
which consists of placing the exploring elec- 
trode in the fifth interspace in the left mid- 
clavicular line and using first the right arm and 
then the left leg as the indifferent electrode. 
The two records made in this fashion will be 
different only insofar as the potential variations 
of the indifferent electrode are different. Un- 
doubtedly, the use of such a technique for 
recording chest leads accounts in large measure 
for the author’s experience that “chest leads, 
in only a small percentage of cases, assist in 
determining the occurrence, the location, 
and/or duration of myocardial infarction,” an 
experience completely dissimilar to that which 
the reviewers have had with quite different 
methods. When in support of his technique the 
author states, “ — no other combination of chest 
leads is supported by such a wealth of experi- 
ence. No other method for recording chest leads 
is so simple and fool-proof. No other lead, or 
combination of leads, has afforded more infor- 
mation in routine practice,” he is either being 
facetious or demonstrating, further, his lack of 
understanding of the fundamental nature of the 
precprdial electrocardiogram and the observa- 
tions of others in this field. 

A great many erroneous diagnoses accom- 
pany the figures presented with the text. A few 
illustrative examples are:, (a) in Figure 45, 
right axis deviation is not present; (b) the 
extrasystoles in Figures 84 and 259 are of ven- 
tricular rather than of nodal origin; (c) the six 
sets of records in Figure 114, all of which are 
said to be examples of coronary occlusion, show 
no significant QRS changes; (d) Figures 131 and 


> > 9^3 

193 are examples of left bundle branch block 
but show no signs diagnostic of myocardial 
infarction; (e) transient left bundle branch 
block occurs in Figure I97A but is unrecognized; 
(0 rather nice examples of right bundle branch 
block plus anterior infarction are .seen in 
Figures 203A and B, which are said to show 
“early anterior (apical), infarction”; and (g) 
Figure 262, which is said to show complete 
atrioventricular heart block, actually discloses 
numerous responses to supraventricular im- 
pulses, thereby more properly accounting for 
the variations in the form of the QRS com- 
plexes. 

The writer employs a “newspaper” or “tele- 
graphic” style which may account for much of 
the loose writing and many of the sweeping 
statements made. He cannot really mean it 
•when he says, “An iso-electric or inverted 1 
wave in all leads is practically pathognomonic 
of myxedema — ,” or “Electrocardiograms of 
diabetics are seldom normal,” or “A previous 
angina pectoris is frequently absent following 
coronary occlusion,” 

Many of the figures are too small or of too 
poor technical quality for careful study. Al- 
though the errors in the figures are usually 
recognized in the text, lead V of Figure 2io£ is 
upside down and Figures 231 and 232 are upside 
down and backwards. A number of typographi- 
cal errors are found in the text and legends. 

This book has little to recommend it except 
the bibliography which is rather extensiv^e and 
well arranged. 

Francis F. Kosenbau.m 
Frank N. Wjbson 
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DEVICE FOR SECURING PROPER ALIGNMENT IN 
LATERAL ROENTGENOGRAMS OF THE 

FEMORAL NECK 

By WILLIAM P. GILMER, M.D. 

Chesapeake and Ohio Hospital 

CLIFTON FORGE, VIRGINIA 


T ATERAL views of the neck of tlie 
^ femur present no very difficult techni- 
cal problems when the guiding anatomical 
points are accessible and proper alignment 
accurately obtained. When it is necessary 
to locate the pin which is being inserted 
for fixation of a fractured neck of the femur, 
the problem of accurate alignment may be 
difficult. It may be impossible to locate the 
guiding anatomical points on account of 




sterile sheets covering tlie patient. A failure 
to produce a satisfactory roentgenogram 
under these circumstances is disappointing. 
A very simple device for preventing these 
failures is described. 

The device consists of a T-shaped ruler, 
the long arm 36 inches in length and the 



Fig. 3 

short arm 8 inches. The long arm is marked 
off in inches starting at the end which joins 
witli the short arm (Fig. i). 

The use of the ruler is quite simple. 
Before the operation begins and while 
guiding anatomical points are accessible, 
the ruler is placed under tlie patient with 
the long arm crossing the mid-point of the 
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Lateral Roentgenograms of Femoral Neck 


Xovr-JiBrs, 194J 


neck of the femur at right angles to the 
long axis of the neck and the short arm in 
the position where the cassette is to be 
placed. With this ruler in place proper 
positioning of the cone of the portable 
roentgen machine can be quickly and 
accurately made. By adding the previously 
obtained tube cone distance to the reading 
on the ruler at the point to which the cone 
reaches the tube-film distance is obtained. 


By using this distance and a suitable thick- 
ness of part technique all necessity for 
guess work will be avoided, both as to 
alignment and technical factors. 

Figure a is a sketch illustrating the use 
of this ruler. 

Figure 3 is a roentgenogram made Avith 
a 15 ma. portable machine using the above 
described ruler for obtaining proper align- 
ment. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 

NECK AND CHEST 

Blake, J. M. Primary carcinoma of the 

bronchus associated with foreign body. 

Am. Rev. Tuben.^ Jan., 1943, .^7, 109-111. 

This report is concerned with a primary 
carcinoma of the lung whicli apparently de- 
veloped about a small metal crucifix (measur- 
ing4X7 mm.). This object was removed at the 
time of obtaining the biopsy and when the 
diagnosis of carcinoma was established. There 
was no history of aspiration of a foreign body 
but after detailed questioning, the patient 
remembered having lost the crucifix some six 
years previously, when he thought that he had 
swallowed it. 

About nine months prior to the date of the 
biopsy, the patient had had what was thought 
to be an ordinary bronchitis, with severe 
cough, malaise, lassitude, fever up to I03'’F., 
and some expectoration of blood-streaked 
sputum. Though the roentgen study was 
reported negative, re-examination of the roent- 
genogram showed a rounded density measuring 
about 3X3 cm. in the lower portion of the 
right lung. 

As the fever subsided, the patient returned 
to his home but fatigue, cough and expectora- 
^on continued and he lost about 15 pounds. 
His white blood cell count reached 15,200 and 
there was a definite increase in the sedimenta- 
tion rate. Roentgen studies indicated the 
presence of an atelectasis in the region where 


the small opacity had previously been visual- 
ized — and this led to the biopsy. — A. A. de 
Lor im ter. 

Hoyos, Jorge Meneses, and Quesada, J. J. 
Normal cardiovascular roentgen silhouette; 
studied by means of roentgenograms of the 
chests of cadavers after opaque solutions 
had been injected into the large vessels and 
chambers of the heart. Arch. Int. Med.., May, 
19435 7 L 666-674. 

The authors have tried to determine clearly 
the relations that normally exist between the 
contour of the cardiac shadow in roentgeno- 
grams and the different chambers and large 
vessels of the heart. In Juarez Hospital of 
Mexico City, sodium iodide solution was in- 
jected into the large vessels and the chambers 
of the hearts of several cadavers. Roentgeno- 
grams were then taken of the chests of these 
cadavers placed in the dorsoventral position 
and in oblique position. The results of this 
study are given. It seems doubtful if this 
method of study is superior to that of angio- 
cardiography developed by Robb and Stein- 
berg. — y. y. McCort. 

Crawford, J. Hamilton. Aneurysm of the 
heart. Arch. Int. Med., April, 1943, //, 502- 

515* 

Although aneurysm of the heart has been 
recognized for almost two centuries it is only 
recently that the antemortem diagnosis has 
been made with any assurance. The advent of 
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more thorough study of the patients with 
heart disease by roentgenologic methods has 
considerably increased the frequency with 
which the correct diagnosis is made. The 
author presents 13 cases, in 9 of which the 
diagnosis was proved at autopsy. In all of them 
there was well marked aneurysmal dilatation 
of the ventricular wall. In 4 of the group in 
which autopsy was performed diagnosis was 
made antemortem and 3 patients are still alive. 
One patient presented undisputable clinical 
evidence of the condition but permission for 
an autopsy could not be obtained. 

Three of the patients presented here had no 
roentgen examination as cardiac aneurysm 
had not been suspected clinically. Eight showed 
enlargement of the heart and 3 a localized 
bulge. Angulation of the left ventricular wall 
contour was seen 3 times. Abnormal pulsations 
demonstrated by fluoroscopic or roentgen 
kymographic examination are frequently of 
the greatest value. Their character varies from 
a reversal of the normal type to absent pulsa- 
tion. The pulsations were proved to be ab- 
normal in the aneurysmal zone in 6 of these 
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rounded, or a broadened, blunted apex has 
been stated to be characteristic. These are 
however, so frequently seen in patients suffer- 
ing from hypertension or aortic insufficiency 
which are relatively common condi ions, that 
^5. doubtful whether a satisfactor)' 

differentiation can be made. The apex region 
can be studied in more detail during very deep 
inspiration or after inflation of the stomach 
with gas. — 7. 7. McCort. 

Logue, Bruce R. Dissecting aneurysm of the 

aorta. Am. J. M. Sc., July, 1943, 206, 54-66. 

Dissecting aneurysm of the aorta is a disease 
described as a splitting of the aorta in the 
media. The autopsy incidence was found to be 
0.7 per cent in 1,519 autopsies from 1937 to 
1 940. In a study of the literature the author 
found that arteriosclerosis has invariably been 
present and it is believed that an intimal tear 
in an atheromatous area is the initial process. 

Twelve cases that came to autopsy arc 
presented. An antemortem diagnosis was made 
in 10 of the la cases observed and confirmed on 


patients. Of these 4 showed an expansion during 
systole of the rest of the ventricle with balloon- 
ing out in a most striking manner in 2 of them; 
the other 2 had very small, or no pulsation. 
In none were pulsations of the normal type. 
Other authors have emphasized the value of 
localized pericardial adhesions in the diag- 
nosis- This was not present in any of the cases 
reported here, but on autopsy adhesions to the 
pericardium and to the sac were seen in 6 
cases. They were absent in i, and in 2, there 
was no note as to its presence or absence. None 
of the patients in this study showed calcifica- 
tion in the wall of the sac or a thrombus con- 
tained therein. When calcification is seen it 
must be differentiated from calcification of the 
pericardium. The latter is on the surface and 
usually more diffuse, while in calcification of 
an aneurysm the calcification should be 
localized and not confined to the surface. 

The roentgen examination is the most im- 
portant aid in the diagnosis of cardiac aneu- 
r>^sm as changes in the contour can be, as a 
rule, clearly delineated. Unfortunately, the 
most common site for aneurysms is the apex 
which is the position in which the contour can 
be studied least effectively. At this point, the 
heart and diaphragmatic shadows mingle, 
which tends to obscure deformities of the 
cardiac contour. A diffuse, concentric apex 


necropsy. 

The average age of the 12 patients was forty- 
five with a range of thirty-five to sixty-six. Ten 
of the 12 patients gave a history of previous 
cardiovascular symptoms. Eleven of the group 
either had hypertension on admission or gave 
a history of previous hypertension. The 
twelfth patient had a calcareous stenosis of the 
aortic valve. 

Roentgen examination of the chest was made 
in 8 cases. Marked cardiac enlargement was 
noted in 6 instances and a moderate enlarge- 
ment in 2 instances. There was a widening of 
the supracardiac shadow in 3 cases. A radio- 
lucent area outside of the aorta and believed to 
be caused by the dissection was found in oniv 
2 cases. A mediastinal effusion was evident in 
the roentgenogram of i patient and i other 
patient showed an extreme eccentric bulging 
of the heart to the right. This was due to an 

aneur)'smal sac. 1 * - 

Tamponade was the cause of deatli m / 
cases. Hemorrhage into the plairal 
uremia, coronary occlusion and 
fibrillation were other causes of death. J- J- 
McCort. 


;s. Soma, Stead, Euok-v,; 

mes V., and Baii-EY, Op.viuf. J. oj 
rma heart disease; with a consideration 


VoL. 54, No 


Abstracts of Roentgen and Radium Literature 


539 


certain other visceral manifestations of 

scleroderma. Arch. Int. Med.^ June, 1943, / A 

749-776. 

The clinical histories of 9 patients with 
generalized sclerodenna are reported. Post- 
mortem examinations were performed on 2 
patients. These 9 patients were selected for 
study because they all had symptoms and 
signs of heart disease. In 7 of the 9 cases the 
patients were women. Their ages at the onset 
of the cutaneous changes ranged from nineteen 
to sixty-two years, the average being thirty- 
eight years. In 3 cases the appearance of 
cardiac symptoms preceded changes in the skin 
by as much as two years. Also there were 
symptoms of Reynaud’s disease in 8 of the 9 
cases. The degree of blanching and pain in 
the extremities on exposure to cold could not 
be correlated with the progression of the 
visceral manifestations of the disease. Roentgen 
examination of the involved parts may show 
decalcification of bone or even loss of bony 
substance in the tenninal phalanges and at 
times there may be calcified areas in the skin. 

In 6 of the cases in which roentgen examina- 
tion of the chest was done, strikingly similar 
changes were encountered. In all there was 
cardiac enlargement varying from a moderate 
to a marked degree. The heart was triangular 
m shape and in most cases the beat was of poor 
amplitude. In one instance the supracardiac 
area appeared to be widened and in another 
there was a prominent truncus pulmonaris. 
The roentgen findings did not suggest hyper- 
tensive or vahnilar heart disease. There was 
no detectable calcification in the valves. The 
left ventricle was not predominantly enlarged 
nnd the left auricle was not unduly prominent. 

combination of the triangular shape and the 
Weak heart suggested to the roentgenologist 
the diagnosis of m\Tcodema heart disease or of 
pericardial effusion. In all of the roentgeno- 
grams there was an increase in the pulmonary- 
markings, this usually being more marked in 
the lower lobe. In several cases the lungs 
showed a peculiar diffuse mottled or granular 
appearance, particularly at the bases and 
extending well out into the periphery but 
sparing the apices. At times the changes sug- 
g^ted to the. roentgenologist the appearance 
m bronchiectasis or lipoid pneumonia. In 
instances of heart failure hilar congestion was 
usually noted. The focal areas of fibrosis in the 
ungs in 2 of the cases reported here may be 


related to the sclerodermatous process. It is 
difficult to rule out foci of chronic broncho- 
pneumonia with organization, especially in 
view of the extensive lymphocytic infiltration 
and the peribronchial fibrosis in regions of 
normal alveoli. However, the distribution, 
corroborated by the results of roentgen ex- 
aminations would be unusual in chronic 
bron chopneum on i a . 

The authors state that the lesions in the heart 
consist of scars of unusual type. These involve 
the myocardium, extending to the epicardium 
and endocardium only secondarily and then to 
a slight degree. There are certain resemblances 
betAv'^een these lesions and those due to vascular 
changes. There are a number of ways, however, 
in which the lesions encountered postmortem 
in the hearts of the 2 patients with scleroderma 
differ from those caused by vascular disease. 
The lesions in the myocardium in patients Avith 
scleroderma AA’^ere not in any particular relation 
to arteries, the stnictures being indifferently 
included in the scars or not. Furthermore the 
A’^essels Avere normal or shoAA-^ed minor intimal 
thickening AA'ithout thrombosis or significant 
diminution in the caliber of the lumen. The 
hemosiderin deposits often seen in areas of 
myocardial scarring due to vascular lesions 
Avere entirely absent. Within the scars in the 
hearts of the 2 patients studied postmortem, 
the myocardial fibers Avere preserA>-ed in small 
nvimbers eA^en in the center of the lesion. This 
AA^as true also of fat cells and of blood vessels. 
The sequences AA’-ere intepreted as a primary 
oA''ergroA\'th of fibrous tissue AAuth secondary 
destruction of other myocardial structures. 
The histopathologic nature of the lesion is 
different from the lesions of Fiedler’s myo- 
carditis, although their distribution is similar. 
The AA-riters feel that the evidence points 
tOAA'ard the intepretation that the myocardial 
lesions are an integral part of scleroderma. 
The pathologic observations, together AA’ith the 
clinical data in the cases of the series, indicated 
that sclerodermal heart disease is a clinical and 
pathologic entity. — % J. McCort. 

Smith, J. James, and Forth, Jacob. Fibrosis 
of the endocardium and the myocardium 
AA-ith mural thrombosis; notes on its relation 
to isolated (Fiedler’s) myocarditis and to 
beriberi heart. Arch. Ini. Med., May, 1943, 
7/, 602-619. 

The authors encountered 3 cases in Avhich 



Abstracts of Roentgen and Radium Literature 


the patient died in the hospital of congestive 
failure of obscure origin. In all the cases the 


patients were carefully studied during life and 
examined postmortem. Clinically and patho- 
logically these cases resemble each other 
closely, and without recourse to the clinical 
history the anatomical diagnosis might well 
have been isolated myocarditis. Review of the 
history, clinical course and histologic status, 
however, suggest the possibility that the 
changes might have been due to long con- 
tinued dietary deficiency or defect in the 
absorption and utilization of certain acessory 
food factors. 

Several teleroentgenograms including the 
anteroposterior and lateral views were made 
at a 2 meter distance in each case. In Case i 
the heart was tremendously enlarged and all 
diameters, particularly that of the left ventricle 
and the pulmonary artery, appeared full. A 
small amount of fluid obscured the left costo- 
phrenic angle. The heart in Cise n was in- 
creased to the right and the left with a straight- 
ening of the left cardiac border, the left ven- 
tricle constituting the major enlargement. On 
roentgen examination of Case in the transverse 
diameter of the heart was increased, the 
enlargement being mainly left ventricular and 
the pulmonary artery was so prominent that 
mitral stenosis was suggested. Considerable 
fluid was apparent in the right pleural space 
with extension into the minor fissure. 

The principal findings at necrop.sy in these 
cases agreed in several respects. In each there 
was evidence of cardiac failure with chronic 
passive congestion of the viscera. Pulmonary 
infarction was encountered in 2 cases while in 
the third there were small renal infarcts. The 


heart was enlarged in each case, weighing 650, 
500 and 460 gm. respectively. Munal thronihi 
with varying degrees of organization were .seen 
m both right and left ventricles in 2 cases, 
while the left ventricle alone was involved in 
the third. There was no anatomic evidence of 
vahnilar defects, hypertension, artcriosc!cn>. 
sis or syphilis. iMyocardial fibrosis was the 
conspicuous microscopic change. 'J'he most 
marked feature in all cases was the widespread 
endocardial fibrosis in both right and left 
ventricles, varying in Its extremes Iron) plaijtie- 
like deposits to the formation of a dense 
fibrous tissue plaque covering the myocardium 
and investing the papillary nui.sclcs and 
trabeculae carneae. 

The patients, 2 men and i woman, were 
thirty-five to forty years of age. In i cast 
symptoms were pre.senr during eight years 
with the final phase of the illness occupying 
ttvelve months. In the other 2 cases the pa- 
tients w'ere ill for eight and nine motitlis, 
respectively. In each tliere was progressive 
decline modified sliglitly by tlierapeutic meas- 
ures, One patient, a Chinese m.an, had lived on a 
deficient diet over a long period: the other 2 
patients had poor appetites and had taken diet.s 
probably border line in their content of the 
vitamin B complex. In all cases the diet was 
deficient after the onset of the final illness. 
Whether the cases here described actually 
represent chronic beriberi heart or at all the 
consequence of nutritional deficiency is not 
adequately proved. However, the question is 
raised whether these changes could liavc been 
associated with deficient diet and could rejue- 
sent a variant of beriberi heart. .7. /• 
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CHRONOLOGY OF RONTGEN'S LIFE* 

By OTTO GLASSER, Ph.D. 

Cleveland Clinic Fotnidation 

CLEVELAND, OHIO 


1845 — March 27 — ^Born at 287 Poststrasse in 
Lennep, Rhine Province, Germany. 
1848 — May — Rontgen family moved to Apel- 
doorn, Holland. 

1862 — Dec. 27 — Entered Utrecht Technical 
School, Holland 

1865 — ^Jan. 18 — Entered University of Utrecht 

to audit courses as a student of 
mechanical engineering. 

Nov. 16 — Moved to Zurich, Switzer- 
land as a student of mechanical 
engineering at the federal Poly- 
technical School. 

1866 — ^Met Anna Bertha Ludwig, who was born 

on April 22, 1839, in Schwanien- 
dingen, Switzerland. 

1868 — ^Aug, 6 — Graduated as mechanical en- 

gineer from the Polytechnical School 
of Zurich, Switzerland. 

1869 — ^June 22 — Received Ph.D. degree from 

the University of Zurich and be- 
came assistant to August Kundt, 
professor of physics. 

1870 — In the capacity of assistant, Rontgen 

followed Kundt to the Julius-Maxi- 
milian University at Wurzburg. 
1872 — ^Jan. 19. — Married Anna Bertha Ludwig 
of Zurich in Apeldogrn, Holland. 
Followed Kundt to the University of 
Strassburg as his assistant- 
^^73 Oct. 3 — Rontgen’s parents moved from 
Apeldoorn to Strassburg to live near 
their children. 


1874 — March 13 — Became Privat-doze 7 tl in 

physics at the University of Strass- 
burg. 

1875 — April I — Became professor of physics 

and mathematics at the Agricul- 
tural Academy at Hohenheim in 
Wiirttemberg. 

1876 — Oct. I — Returned to the University of 

Strassburg as associate professor of 
theoretical physics. 

1879 — April I — Became professor of physics at 
the Hessian Ludwigs-University in 
Giessen. 

1884 — ^June 21 — Rontgen’-s father died at Gies- 
sen. 

1886 — Declined offer of chair of physics at the 

Friedrich-Schiller University of 
Jena. 

1887 — The Rdntgens took Josephine Bertha, 

Mrs. Rontgen ’s six year old niece, 
into their home and adopted her 
when she was twenty-one. 

1888 — Declined offer of chair of physics at the 

University of Utrecht. 

Aug, 8 — Rontgen’s mother died at Bad 
Nauheim. 

Oct. I — Became professor of physics at 
the Julius-Maximilian University 
in Wurzburg. 

1894 — May — ^August Kundt died at his sum- 
mer home near Liibeck. 

June — ^Rontgen acquired an improved 
Lenard cathode-ray tube from Miil- 


* From; Glasser, Otto. Dr. W. C. Rontgen. Charles C Thomas, Springfield, Illinois, 1945. 
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ler-Unkel in Braunschweig for ex- 
perimental studies. 

Became rector of the University of 
Wurzburg. 

1895 Feb. Declined offer of chair of physics 
at the Albert-Ludwigs University in 
Freiburg i. Br. 

Nov. 8~R6ntgen discovered the first 
effects due to A new kwd of rays. 

Dec. 28 Submitted the manuscript of 
a paper On a new hind of rays, a 
preliminary commiwication to the 
secretary of the Wurzburg Physi- 
cal-Medical Society for publication 
in its Sitzungsberichte. 

1896 — Jan. I — Sent reprints of his first com- 
munication and copies of his x-ray 
pictures to his colleagues Exner, 
Kohlrausch, Lummer, Poincare, 
Schuster, Voller, Warburg, and 
Zehnder. 

Jan. 4 — Rontgen’s first x-ray pictures 
were exhibited at the Physical In- 
stitute of Berlin University on the 
occasion of the fiftieth anniversary 
celebration of the Berlin Physical 
Society. 

Jan. 5 — First newspaper story of the 
discovery of x-rays appeared in the 
Vienna Presse. 

Jan. 6 — News of the discovery was 
cabled all over the world. 

Jan. 13 — Rontgen demonstrated the x- 
rays before Kaiser Wilhelm II and 
Kaiserin Victoria at the Berlin cas- 
tle; he was decorated with the Prus- 
sian Order of the Crown, II class. 

Jan. 23 — Lectured on his discovery of 
x-rays before the Physical-Medical 
Society at the Physical Institute of 
the University of Wurzburg. 

Jan, 30 — Declined to lecture before the 
German Reichstag and .several 
scientific societies. 

Marcli 3~Honorary degree of Doctor of 
Medicine of the University of 
Wurzburg. 

March 9 — Submitted the manuscript of 
his second communication, On a new 
kind of rays, continued, to the secre- 
tary of the Wurzburg Physical- 
Medical Society. 

March lo — Left for Sorrento to escape 
the flood of honors and invitations. 


April 16— Honorary citizen, Lennep, 
Kontgen s birthplace. 

April 20 Royal order of merit of the 
Bavarian Crown. This order carried 
with it personal nobilit}’’. Rdntaen 
accepted the decoration but refu.sed 
to accept nobility. 

May-Corresponding member, Prussian 
Academy of Sciences, Berlin. 

Nov,— Corresponding member. Bavar- 
ian Academy of Sciences, Munich. 

Nov. 30— Rum ford gold medal. Royal 
Society, London. 

Baumgaertner prize, Vienna .Acad- 
emy. 

Honorary member, Natiirforscher- 
Gesellschaft, Freiburg i. Br, 
Honorary member, Societe Scien- 
tifique Antonio, Alz. Mexico, 
Honorary member. Physical Soci- 
ety, Frankfort, o. M. 

Honorary member, Chester Society 
of Natural Science.s. 

Corresponding member, Societe Na- 
tionale dcs Sciences ct Mathe- 
matique.s, Cherbourg, 
Corresponding member, Wissen- 
schaftliche Gcsellschaft, Gottingen. 

1897 — March lo — Submitted his third com- 
munication, Further observations on 
properties of .x-rays, to tlic Prussian 
Academy of Science, Berlin for 
publication in its Sitzungsberichte, 
Elliot-Cresson medal, Franklin In- 
stitute, Philadelphia, 

Prize Lacaze, Academic cles Sci- 
ences, Paris. 

Mattencei medal, Rome. 

Honorary member, Swiss Narur- 
forscher Gcsellschaft. 

Honorary member, Pliysical-Mcdi- 
cal Society, Erlangen. 

Honorary member, Rontgen Socie- 
ty, Umdon. 

Honorarv member, Societe tie"- 
Mcdccincs Russas, Petersburg. 
Honorarv member, Societe bn- 
periaie dcMedicinc, Constantinople- 
Honorary member, Society of 
Former Students <>{ federal Poi}"' 
technical School, Zurich. 
Corresponding member, Rea.c * c- 
cademia di (ieognaphici, Florence, 
Member, .American Phihr.nphtc-* 
Societv, Philadelphia. 
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189S — Prize, Otto-Wahlbruch-Stiftung, Ham- 
burg. 

Honorary member, New York 
Medical Society. 

Corresponding member and bronze 
plaque. Reale Accademia dei Lincei, 
Rome. 

Corresponding member, Reale In- 
stituto Veneto di Scienze. 
Nonresident member of the Societe 
Hollandaise des Sciences, Harlem. 

1899 — Received offer of chair of physics at the 

University of Leipzig but declined. 
Received the title of Royal Geheim- 
rat from the Bavarian Govern- 
ment. 

Diploma, University of Zurich. 
Corresponding member, Cataafsch 
Genootschap, Rotterdam. 
Nonresident member, Royal Acad- 
emy of Sciences, Stockholm. 

1900 — ^April I — Became professor of physics 

and director of the Physical Insti- 
tute at the Ludwig-Maximilians 
University in Munich. 
Grosskomturkreuz of the royal order 
of merit of the Bavarian Crown. 
Order of merit of Saint Michael, I 
Class. 

Silver medal of Prince Regent Luit- 
pold. 

Komtur of the order of the Italian 
Crown. 

Member of the Maximilian order 
for sciences with decoration. 
Barnard medal, Columbia Univer- 
sity, New York. 

Honorary member, German Acad- 
emy for Phys. Diet. Therapy, 
Hamburg. 

Honorary member. Society of 
Physicians, Munich. 

Nonresident member. Academy of 
Medicine, Paris. 

Member, Academy of Sciences, 
Munich. 

1901 — Nobel Prize in Physics, Stockholm. 

Honorary member, PJiysical Soci- 
ety, Stockholm. 

1902 Received invitation of Carnegie Insti- 
tute in Washington to use its labora- 
tory for special work but did not 
accept. 

Honorary member, Institute de 
Coimbra. 
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1903 — Honorary member. Philosophical Soci- 

ety, Cambridge. 

Honorary member, Berlin Rontgen 
Society. 

Corresponding member, Reale Ac- 
cademia dei Science, Turin. 

1904 — Declined offer of presidency of Physi- 

kalisch-Technische Reichsanstalt in 
Berlin-Charlottenburg. 

Honorary member, Society of Phy- 
sicians, Vienna. 

Rontgenstrasse, Cologne. 

1905 — ^March 27 — ^Address of German physi- 

cists, Boltzmann, Braun, Drude, 
Ebert, Graetz, Kohlrausch, Lor- 
entz, Planck, Riecke, Warburg, 
Wien, Wiener, Zehnder on the oc- 
casion of the tenth anniversary of 
the discovery of the roentgen rays, 
which was also Rontgen’s sixtieth 
birthday; plaque at Physical Insti- 
tute of University of Wurzburg. 
Honorary member. Society for the 
Encouragement of Arts, etc., Lon- 
don. 

Honorary member, Medico-Chi rur- 
gical Society, Edinburgh. 

Honorary member, German Rdnt- 
gen Society, 

1906 — Folder, board of trustees, Deutsches 

Museum, Munich. 

Honorary member. Royal Institu- 
tion of Great Britain. 

1907 — Nonresident member, Societa Italiana 

delle Scienze, Rome. 

Member, Royal Academy of Sci- 
ences, Amsterdam. 

1908 — ^Honorary member. Society of Physi- 

cians, Stockholm. 

Honorary member, German Medi- 
cal Society, New York. 

Title of Excellency bestowed upon 
Rontgen by the Prince Regent of 
Bavaria. 

1909 — Rontgenstrasse, Wurzburg. 

Honorary citizen, Weilheim. 

1910 — ^Honorary member, German Society of 

Neurologists. 

Honorary member, Berlin Medical 
Society. 

1911 — Rontgenstrasse, Halle. 

Honorary member, Society of Phy- 
sicians, Smolensk. 

Order pour le Merite for Science and 
Art. 
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1912- 


Otto Glasser 


Declined offer of profesporship at Prus- 
sian Academy of Sciences, Berlin. 
Russian diploma, Odessa. 

Planned to visit relatives in Amer- 
ica. 

Address, life membership Deutsches 
Museum, Munich. 

1913— — Honorary member, German Surgical 

Society. 

Honor.arj' member, Swiss Rdntgen 
Society. 

1914 — Honorary' member. New York Rontgen 

Society. 

1915 — ^larch 27 — Rontgen spent his seventi- 

eth birthday quietly with his best 
friend, Boveri, who was .seriously ill 
in Obersrdorf, Bavaria; on the next 
day he had an audience with the 
Kingof Baimria in Mttnich. 
Addresses and honors on the occa- 
sion of Rontgen’-s seventieth birth- 
day; 

Wurzburg Medical Faculty. 

I ? on t gen b'ou n d a r ion . 

University of Giessen. 
Philosophical Faculty, Univer- 
sity of Wurzl)urg. 

Ph ysik.'ilisch-Tech n ische R eichs- 
anstalt. 

University of Stra.^sburg. 

.Annalcn der Piiysik. 
Rdntgenstrapse, Munich. 

Iron Cross, II Cia'^s. 

191 K — Honorary degree of doctor oi enginecr- 
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SCIENTIFIC FOREFATHERS OF RONTGEN 

By OTTO GLASSER, Ph.D. 

Cleveland Clinic Foundation 

CLEVELAND, OHIO 


JOSEPH PRIESTLEY, the British sci- 
J entist who sought refuge in the United 
States in 1794, was the originator of an 
interesting Chart of Biography. According 
to his own description^ this chart “repre- 
sents the Interval of Time between the 
Year laoo before Christ, and 1800 after 
Christ, divided, by an equal Scale, into 
Centuries. It contains about two thousand 
Names of Persons the most distinguished 
in the Annals of Fame; and the Length of 
their Lives is represented in it by Lines 
drawn in proportion to their real Duration, 
and placed so as to show, by Inspection, 
how long any number of Persons were con- 
temporary, and how long one Life began 
before, or extended beyond another, with 
every other Circumstance which depends 
upon the Length of Lives, and the relation 
they bear, both to one another, and to 
Universal Time; Certainty being always 
represented by full lines, and Uncertainty 
by Dots, or broken Lines.” 

Several years ago, in collaboration with 
Leopold Rovner, I applied Priestley’s in- 
genious method to a historical evaluation 
of scientific men whose work led up to the 
discovery of the roentgen rays (see figure). 
The chart was first shown in the scientific 
exhibit at the eighteenth annual meeting 
of the Radiological Society of North Amer- 
ica in Adantic City in 193'2.. A more com- 
prehensive treatise was published under 
the title “Genealogy of the Roentgen 
Rays. 

The ordinate of the chart represents a 
time interval from 1 520 to 1940, subdivided 
, into intervals of twenty years; the abscis- 
sae are evenly spaced intervals for twenty- 
six selected scientists. The time of birth, 
life span, and time of death of each is indi- 
cated by a vertical black line placed chron- 
ologically upon the time scale indicated 
on the ordinate. Two life spans are incom- 


plete; that of Hauksbee, whose year of 
birth is unknown, and that of Lenard, who 
was alive at the time of the completion of 
the chart. It is immediately evident that 
some life spans are very short, such as those 
of Torricelli or Hertz, while others are 
very long, such as those of Guericke, New- 
ton, Franklin, Volta, Henry, Hittorf, and 
Crookes. 

The chart offers ample evidence of the 
usefulness of this type of presentation. A 
conventional presentation of the data con- 
tained in the figure prpbably demonstrates 
this fact better by comparison than any 
further description. 

1540-1603 Gilbert 

1603 Gilbert’s “De Magnete” founds sci- 
ence of magnetism and electricity 
1608-1647 Torricelli 

1643 Torricelli constructs the barometer, 
produces the “Torricellian va- 
cuum” 

1602-1686 Guericke 

1646 Guericke invents a vacuum pump 
and an electrostatic machine 
1627-1691 Boyle 

1659 Boyle constructs an improved air 
pump 

1642-1727 Newton 

1675 Newton makes an electrostatic ma- 
chine 

? -i7i3(?)Hauksbee 

1705 Hauksbee observes glow discharges 
in vacuo 
1696-1736 Grey 

1729 Grey distinguishes conductors from 
non-conductors 
1698-1739 Du Fay 

1733 Du Fay discovers vitreous and res- 
inous electricity 
1700-1770 Nollet 

1749 Abbe Nollet experiments with his 

“electric egg” 

1706-1790 Franklin 

1750 Franklin defines positive and nega- 

tive electricity 
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POST-WAR VISIT TO RONTGEN^S LABORATORY 

By LIEUTENANT COLONEL LEWIS E. ETTER 
Medical Reserve Corps^ United States Army 


O NE of my first thoughts on being as- 
signed to duty with the Army of 
Occupation in Germany was to wonder 
about the present condition of Wurzburg 
and particularly of Rontgen’s Laboratory 
in the Physical Institute of the University 
of Wurzburg. After looking at endless 
scenes of demolition and devastation of the 
cities in northwestern Germany, I was fear- 
ful of what might have befallen the scene 
of Rontgen’s classical experiments. From 
the days of my earliest association with 
radiology, I was attracted to the character 
of the great physicist, and having read his 
notable biography by Glasser,^ my desire to 
see the spot where he worked had been 
greatly enhanced. So, in September of this 
year when theopportunity was afforded, all 
personnel of our department* set out for 
that town in Bavaria, made famous by the 
great discovery of just fifty years ago.f 
No doubt the same question as to the 
present condition of Rontgen’s Laboratory 
has occurred to many radiologists and it is 
to answer them that this account is given. 

As we arrived in the environs of Wurz- 
burg our apprehension mounted, for even 
in the suburbs bomb destruction was seen 
everywhere, hs we journeyed on into the 
city we met with rubble-strewn streets and. 
It being a warm day, with the stench of 
death from those buried in the ruins. We 
were directed to the University, and as we 
rode on our anxiety mounted. What was 
pointed out to us as the University was 
broken walls, stark chimneys and empty 
windows. But among all the ruins miracu- 


lously stood the Physical Institute, intact, 
except for some loose slate, plaster and 
broken windows (Fig. i). A high explosive 
aerial bomb apparently directed at the 
main railroad station early in March, 



Fig. \a. View of one end of the Physical Institute 
of the University of Wurzburg showing the 
plaque commemorating Rontgen’s discovery. NA 
means “not ausgang” or way out from the air raid 
shelter in the basement. 


* Glasser, Otto. Wilhelm Conrad Rontgen und die Geschichte der Rontgenstrahlen. Julius Springer, Berlin, 1931. Also, Wilhelm 
Conrad Rontgen and the Early History of the Roentgen Ra)s. Charles C Thomas, Springfield, Illinois, 1934- 

* X-Ra} Department, 115th General Hospital, United States Armj. 

I A later visit was made to Remscheid-Lennep, the town between Dusseldorf and Cologne where Rontgen was born one hundred 
>ears ago (on March 37, 1945). Even thoueh Lennep is situated in the western industrial heart of Germany (the Ruhr) which was sub- 
jected to most severe bombing, the town was spared almost completely. The house where Rontgen was born and the other one contain- 
ing the Rontgen museum sustained not the slightest damage. These'buildings look exactl} todav .as pictured in Glasser’s biographj 
although the back portion of the museum has been considerablv enlai^ed. Here there is a remarkable collection of Rontgeniana and a 
display of roentgen-ray equipment arranged chronologically from the first tubes used to the latest perfected machines, including a 
parking model of the roentgen cinematograph designed by Prof. Dr. Janker of Bonn. To date there have been some 20,000 visitors 
irom all over the world to the museum, which is well worth a long trip to see. 
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Fig. iA Close-up of plaque translated to read; 

“In this house in the year 1895 W. C. Rontgen dis- 
■ covered the rays which were named after him." 
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1945, landed in the park across from the 
Institute and blew out all the windows and 
doors. During the main attack on the city 
in the night of March 16, some 240,000 in- 
cendiary bombs were dropped during 
twenty minutes and, within three hours, 
nearly all of the city was burned. About 
tw'o hundred high explosive bombs fol- 
lowed and one completely wrecked the 
Anatomy Institute, two buildings removed, 
with a blast that loosened much of the slate 
on the Physical Institute, Only three in- 
cendiary bombs touched this building and 
each was extinguished before much damage 
resulted. Unharmed, on the side of the 
building, was the plaque translated to 
read, “In this house in the year 1895 





f Tnivcrsitv of urzhoTg. ( 1 

r-d p!.o-.-pw 


3. Vic. in 1CC.-C -m of ,he »rc ....c 

instruction of students in the e • > , , . , — i. y 

. r-v I tX* 



VoL. 54, No. 6 


Post-War Visit to Rontgen’s Laboratory 


549 


W. C. Rontgen discovered tlie rays which 
were named after him.” 

At the door we were welcomed by the 
present Professor of Physics* and his as- 
sistants who very kindly showed us all 
through the building. They too could 
hardly believe the providential sparing of 
their Institute when all else — to use the 
expressive German word — was kaputt. 


of our conquering armies since it stood in a 
corner of the room in plain view when the 
soldiers went through. All that protected 
it was a sign attached to it in English 
written by the Germans saying, “This is 
the gun which Rontgen first photographed 
with his rays. If taken, please take it with 
care and precaution as it is a museum 
piece.” 





k' 
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. . 





Fig. 3fl. View of Rontgen’s desk and mementoes: Roentgenogram of von Kolliker’s hand and that of 
Rontgen’s wife,- Cambridge Society medal,- Nobel Prize diploma; gun stock and barrel of gun; roentgeno- 
gram of barrel of gun; Crookes, Lenard, Hittorf and "absolute vacuum’’ tubes; death mask of Rontgen’s 
hands; photographs of Rontgen and of his mother and father. 


They were engaged in making what minor 
repairs they could, where glass and other 
rnaterials were available, and in returning 
to their proper places the historical collec- 
tion and other things which had been placed 
in the basement for safe keeping, A re- 
markable fact was that Rontgen’s gun was 
not picked up as a souvenir by soldiers 

Prof. Dr. Friedrich Harms, Director of the Physical Institute; 
p.™ tteinrich Ott, Associate Professor of Physics; Dozent 
t. Karl Gailer, Assistant Professor of Physics. 


The rooms where Rontgen had worked 
were still in use and were said to be in much 
the same condition as he left them. The 
'ecture hall where he delivered his memor- 
able report on “Uber eine neue Art von 
Strahlen”! on January 23, 1896, before the 
Physical and Medical Association of Wiirz- 
burg, was still being used for instruction 
of students of physics at the University. 
A view of the blackboard and demonstra- 

t “About a new kind of rays.’’ 








Fig. 3c. Here shown are Crookes tube^ left background, several Hittorf tubes in center, glass jar for ioniza- 
tion of air with print of box of weights standing against it; prisms along right edge with masks of lead and 
aluminum in right foreground. In left foreground at very edge an “absolute evacuated” tube (Rontgen 
used many of these) with electromagnet beside it. 



Fig. 4 . University of Wurzburg showing- from left to right: Physical 
Institute, Physiological Institute, Anatomy Institute. 
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dows cut out for measuring absorption by 
various metals (Fig. 3<r). Also preserved in 
the room were his Alpine attire and staff, 
fishing and hunting equipment, as well as 
many stereoscopic views of scenes he had 
visited, attesting to his interest in these 
avocations. 

Today Wurzburg, with its crumbled 
ruins, stands as an example of the ven- 
geance wreaked on Nazi Germany because 


of its intolerable doctrines, while safe and 
unscathed the mementoes of Rontgen test 
securely in the Physical Institute. This will 
be welcome news to many, especially to 
those whose dreams for the future have in- 
cluded a plan for a pilgrimage to this shrine 
of Roentgenology. 

Pinewood Farm, 

Warrendale, Pa. 
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PROTECTION AGAINST HIGH ENERGY 
ROENTGEN RAYS 

CALDWELL LECTURE 1945* 

By G. FAILLA 

Radiological Research Laboratory, Department of Radiology, Columbia University 

NEW YORK, NEW YORK 


I. INTRODUCTION 

T he problem of protection is an appro- 
priate one to discuss in a Caldwell Lec- 
ture, for the great pioneer, Eugene Wilson 
Caldwell, in whose honor the Lecture has 
been established by the American Roent- 
gen Ray Society, died at the height of his 
career as a result of overexposure to roent- 
gen rays. Also, Caldwell was an engineer 
before he became interested in medicine 
and the protection problem in its practical 
applications is essentially an engineering 
one. 

At the expense of untold suffering and 
early demise of many such pioneers, radiol- 
ogists soon became aware of the insidious 
nature and seriousness of roentgen-ray 
hazards. The problem of protection, there- 
fore, has been studied for many years and a 
large body of useful knowledge has accumu- 
lated. Today the means of protection can 
be provided readily but the utilization of 
these means is not always carried out ef- 
fectively. In the ultimate analysis the hu- 
nian element is always present — and as 
ever unpredictable in individual instances. 
The occurrence of roentgen-ray injuries 
cannot be eliminated completely, but by 
persistent effort the frequency can be 
greatly reduced. 

Luring the war period, a great extension 
of the use of roentgen rays in industry has 
taken place. Roentgenography of mate- 
rials bids fair to compete with medical roent- 
genography in volume of work. Higher and 
higher voltages are demanded in this field. 

I here are at present only a few so-called 
supervoltage machines (i million volts or 
over) used for therapeutic purposes, where- 
more than seventy are in operation in in- 

Caldwell Lecture to have been given before the American ] 


dustrial plants. Two million volt machines 
are now commercially available. Twenty 
million and even loo million volt roentgen 
generators have been built and used. The 
rapid increase in the number (and power) 
of roentgen-ray installations makes protec- 
tion a matter of considerable social signif- 
icance. Safety codes are now being formu- 
lated under the auspices of the American 
Standards Association. Wisely it was de- 
cided to make these codes applicable only 
to industrial roentgen-ray installations, 
where conditions are quite different from 
those obtaining in the medical field. How- 
ever, these codes may — and probably will 
— ^form the basis for regulatory codes relat- 
ing to radiological installations. 

The work in connection with the above 
mentioned codes has brought to the fore 
certain gaps in quantitative experimental 
data needed for the most satisfactory solu- 
tion of protection problems. With the avail- 
able information we can at present provide 
adequate protection in installations operat- 
ing at voltages up to i million and even 2 
million. We do this not by exact calcula- 
tions but by the use of more or less empiri- 
cal relations and estimates based on past 
experience. Accordingly it is always neces- 
sary to introduce a factor of safety. If, 
upon completion of an installation, dosage 
rate measurements are made and it is found 
that the safety factor used was too large, 
the cost of the protective barriers was 
higher than necessary. If the measurements 
reveal insufficient protection, the cost and 
inconvenience of alterations are out of pro- 
portion to the initial cost. This economical 
aspect of the problem becomes more im- 
portant with increase in voltage. 

entgen Ray Society at the 1945 meeting which was canceled. 
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In the present paper no attempt is made 
to nj] the gaps in the available technical 
data.^ If anything, they are made more 
prominent. The object of the paper is two- 
fold: (i) to present a simple method for the 
solution of protection problems, so far as 
the mathematical steps are concerned; (2) 
to suggest a method for the determination 
of absorption curves of more direct applica- 
tion to the protection problem, especially in 
the high energy range. The interaction of 
radiation and matter and the interpreta- 
tion of absorption curves are discussed 
somewhat at length since they are of funda- 
mental importance. Finally, some inter- 
esting problems of measurement, peculiar 
to very high energy roentgen rays (20 to 
100 million volts) are touched upon. 

2. SOLUTION OF PROTECTION PROBLEMS IN 
TERMS or THE HALF-VALUE LAVER 

Given a source of radiation, we may pro- 
tect ourselves by staying at a long distance 
therefrom or by interposing a sufficiently 
thick absorbing barrier between the source 


of roentgen rays producing a dosage rate of 
I r/min. at a distance of 1 m. 

The second part of the problem is to cal- 
culate the thickness of the protective bar- 
rier necessary to reduce the dosage rate to 
J2.5 mr/hr. at a given distance (shorter 
than 6 g.j m.), 7 his will depend on the 
quality of radiation and the kind of absorb- 
ing material used. However, the calculation 
may be made in two steps, of which one is 
independent of both quality of radiation 
and kind of material. 

It is obvious that the dosage rate at the 
point in question may be reduced to one- 
half its initial value by interposing between 
the two a suitable absorbing barrier of a 
certain definite thickness. This is called 
the half-value layer (hvl). We shall assume 
for the moment that interposing a second 
barrier of the same material and thickness 
again reduces the dosage rate by one-half, 
w'hich therefore becomes one-fourth of the 
initial value. Addition of a third half-value 
layer reduces the dosage rate to one-eighth 
of the initial value, and so forth. 


and our bodies. Let us assume that the dos- Returning to the example, we may now 


age rate at i meter from the source is 
I r/min. To determine accurately the dis- 


tance at which the dosage rate is 12.5 
mr/hr,* — the permissible value for contin- 
ued daily exposure of the whole body — it is 
necessary in general to take into account 
the interaction of roentgen rays and matter 
in the radiation field (air, ground and 
neighboring objects) even when no solid 
barrier is in the path of the direct rays. 
However, for the moment we shall neglect 
the influence of matter present in the radia- 
tion field and, therefore, we may calculate 
the desired distance on the basis of the in- 


verse square law alone. It is x — /|y - 


60,000 

12.5 


= 69.3 meters. Having neglected the in- 
fluence of rnatter on the dosage rate, this 
distance is independent of the quality of 
radiation. It applies to any (point) source 


* It is Iiccoming common practice in tfic art of radiation pro- 
tection to express doses and dosage rates in terms of a sroaJIcr 
unit than the roentgen. A convenient subunit is the milhroentgcn 
of which one thousand equal one roentgen (1,000 mr=i r ana 
12.5 mr/hr. =0.0125 r/hr.)- 


a.sk: How many half-value layers are re- 
quired to reduce the dosage rate from i 
r/min. to 12,5 mr/hr,? The reduction factor 
is 60,000/12.5=4,800. Therefore, the re- 
quired number, «, of half-value layers is 
2” =4,800 or n = 12.2. Obviously, this num- 
ber is independent of the quality of radia- 
tion and the kind of material of which the 
barrier is made. To determine the actual 
thickness of the barrier it is necessary to 
know also the numerical value of the half- 
value layer for the quality of radiation and 
kind of material in question. Thus, if in the 
above example the half-value layer is i 
mm. of lead, the barrier must be 12.2 mm, 
thick to reduce the dosage rate to 12.5 
mr/hr. at a distance of i meter from the 


Jtce, , , ,1 

In practice protection ls general , 
mght about by a suitable combination 
distance and barrier. We shall assume 
convenience that the radiation output 
the machine is expressed in roentgens 
- minute at a distance of one meter. Lc 
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Ri represent this dosage rate. At any other 
distance a’ meters, the dosage rate will be 
r/min. If Ri/x^ is greater than 
12.5 mr/hr. (0.000208 r/min.) a protective 
barrier must be provided. Following the 
procedure outlined above, we may express 
the thickness of the barrier in terms of the 
number of the appropriate half-value 
layer 

i?: 48C0P1 

2 ” = = 

0.000208.V- .V- 


J7= 12.2+3,32 log Ri— 6.65 log .V • • • . (l) 


The physical interpretation of the above 
equation facilitates the solution of protec- 
tion problems. It is obvious that when the 
radiation output is doubled, the thickness 
of the protective barrier must be increased 
by I half- value layer; when it is quadrupled, 
2 half-value layers must be added, and so 
on. The mathematical relation between the 
number of additipnal half-value layers 
and dosage rate Rj is 


Wie=3-32 log Ri • • • . (2) 

Similarly when the distance is increased, 
the thickness of the protective barrier may 
be reduced by a number of half-value 
layers given by the expression 


77r=6.65 log.v • • • . (3) 

Comparing the three equations it will be 
seen now that the total number of half- 
value layers required in a protective barrier 
consists of three parts: (a) A constant num- 
ber (12.2) which is necessary to reduce the 
dosage rate at i meter distance from i 
r/rnin. to 12.5 mr/hr. (b) The number 
which must be added if the dosage rate at 
I meter is greater than i r/min. (or sub- 
tracted if less), (c) The number which must 
he subtracted if the distance is greater 
than I meter. In terms of half-value layer, 
therefore, the problem is reduced to one of 
algebraic addition instead of multiplication 
^nd division. This makes possible its solu- 
hy simple graphical means, 
the simplest scheme is, perhaps, to take 
care of each part of the problem separately. 


This can be done by means of the first two 
sets of scales in Figure i. An example will 
illustrate their use. Determine the thick- 
ness of the necessary'' barrier, in terms of 
half-value layers, when the roentgen-ray 
output is 90 r/min. at i meter and the re- 
gion to be protected is at a distance of 8 
meters from the target — ^protection being 
based on the permissible dosage rate of 
12.5 mr/hr. From scales yf-R it will be seen 
that the number of half-value layers for a 
roentgen-ray output of 90 r/min. at i meter 
is 6.5. Similarly from scales C-D it is found 
that for a distance of 8 meters the number 
of half-value layers to be subtracted is 6. 
Therefore, the total number 77 required is 
(eq. i) 

77 = 12.2+6.5— 6 
= 12.7 hvl. 

It will be recalled that with an output of 
I r/min. at i meter, the distance required 
to reduce the dosage rate to 12.5 mr/hr. is 
69.3 meters. Since this is a longer distance 
than is usually encountered in practical 
problems, the constant term (12.2 hvl) and 
the distance term (6.65 log .v) may be com- 
bined as shown in scales £-R. For the ap- 
propriate distance on scale R we then read 

directlv on scale R the difference between 
•• ♦ 

12.2 and the distance term. Solving the 
same problem by means of these scales we 
find on scale R that 6.2 hvl are required 
when the distance on scale A is 8 meters. 
This is equal to 12.2-6 in eq. (i) as pre- 
viously found. The output term is deter- 
mined by means of scales yf and B as be- 
fore. 

In planning roentgen-ray protection it is 
always safest to assume continuous opera- 
tion of the machine. This has been done in 
the above example. However, sometimes 
this is not done and allowance is made for 
the time that the machine is in actual opera- 
tion in the course of an eight hour day. If in 
the above example we assume that the 
machine operates not more than four hours 
a day, we may solve the problem by taking 
for the roentgen-ray output a proportion- 
ately lower. value, tliat is, 45 r/min, at i ' 
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meter. Then from scales we find that 
the required number of half-value layers for 
this output is 5.5 and the total number is 
now 1 1.7 instead of 12.7. Incidentally^ this 
result brings out how little is gained by tak- 
ing into account the time during which the 
machine is not in operation. Limiting the 
running time to one-half of the eight hour 


• . . in reyerse. In an existing installa- 

tion It IS found that the operator is at a dis- 
tance of 8 meters from the target. The inter- 
vening barrier is 11. 7 hyl thick. The output 
m the machine is 90 r/min. at i meter. 
How many hours during an eight hour 
working day can the machine be run, with- 
out exposing the operator to more than 0.1 


/} 
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working day reduces the thickness of the 
protective barrier by i half-value layer 
which in this case is less than 10 per cent 
of the total. Once the barrier has been in- 
stalled the limitation on the operating time 
remains. Subsequent additions to the pro- 
tective barrier always cost more. Whenever 
the question comes up in practice all fac- 
tors should be considered carefully. Some- 
times, In special cases, it is advantageous 
to take into account the actual running 
time of the equipment and the degree of 
occupancy of the regions to be protected. 

The scales of Figure i , of course, nia\ be 
used to solve other problems. To give an- 
other illustration we shall solve the abov'c 


per day.^ From scales E-F we find that the 
constant term and distance term combined 
require 6.2 hvl for a distance of 8 meters- 
Therefore, 1 t.j — 6.2 = 5*5 !>arr/cr 

remain to take care of the output temi. 
From scales /t and B we find that 5.5 1 "'* 
correspond to an output of 45 r/min. at i 
meter. With this output the dosage rate 
in the protected region is 12.5 mr; hr. 
Since the actual output is 90 r, ndn, at j 
meter, the dosage rate in the p/Oiccft 

recion is 25 mr/hr., and therefore the ojvr^. 

ator is exposed to the pennif sihlc dad.y 
of o.i r in four hours of actual opcou*^' - 

the machine. / r 

It should be noted mat the vialw 
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Figure i are independent of the unit of 
distance used, provided the output is ex- 
pressed in r/min. at umt distance. To illus- 
trate this point we shall solve the above 
example in terms of feet. The output of 90 
r/min. at i meter corresponds to 970 
r/min. at i ft. The 8 meter distance equals 
26.3 ft. We shall use scales E-F as if scale 
E had been graduated in feet. At the 26.3 
point on scale E we obtain 2.8 hvl on scale 
F. At the 970 point on scale A we read 9.9 
hvl on scale B. While the two terms are 
quite different, their sum, 2,8+9.9 = 12.7, 
is the same as before. 

In practice it is customary to state the 
output of a roentgen-ray machine in r/min, 
at a point in the center of the useful beam 
at a "standard” distance from the target. 
In roentgen tlierapy this distance is usu- 
ally 50 cm.; in industrial roentgenography 
it is I meter. As indicated above, the latter 
is more convenient for the present purpose. 
However, it is important to note that the 
roentgen-ray output to use in designing 
protective barriers is not necessarily that 
in tile direction of the useful beam. The 
same thing applies to the half-value layer. 
This point is not important in dealing with 
ordinary roentgen rays because there is 
little difference in intensity and quality 
with respect to angle; and, also, because 
protective barriers are not expensive. In the 
supervoltage region and beyond, however, 
it is economically worth while to take ad- 
v«antage of the non-uniformity in angular 
distribution of the emitted radiation, as re- 
gards both intensity and quality. When the 
roentgen tube is fixed in position, or its 
angulation is limited, some of the necessary 
harriers may well be designed on the basis 
of the lower output and lower penetrating 
power of the radiation in certain directions. 
In such cases, the dosage rate at i meter 
las well as the half-value layer) to be used 
in connection with Figure i is that in the 
direction under consideration and not that 
ol the useful beam. 

In this connection another advantage of 
t te half-value layer scheme of solving pro- 
tection problems may be pointed out. If 


the radiation output in r/min. at i meter 
is known in all directions around the target 
for the unshielded roentgen tube, one may 
determine the total number of half-value 
layers required in any direction to protect 
personnel from the direct radiation. This 
number of half-value layers may then be 
provided partly by a lead enclosure around 
the tube and partly by a lead lined or con- 
crete wall. Or, similarly, the number of 
half-value layers embodied in the tube 
shield may be subtracted from the total 
number required to obtain the number of 
half-value layers that the protective bar- 
rier must provide. It should not be forgot- 
ten in this connection that a separate allow- 
ance must be made for scattered radiation 
that may reach the wall. We are now con- 
sidering only protection against direct 
radiation emitted at the target. 

Certain useful relations derived from the 
scales of Figure i may well be mentioned 
at this point. It will be noted by inspection 
of scales A-B that a factor of 10 corre- 
sponds to 3.32 hvl (10 = 2®-^“); a factor of 
100 to 6.65 hvl; and a factor of 1000 to 9.97 
or practically 10 hvl. This relation is par- 
ticularly useful in determining the half- 
value layer from an absorption curve plot- 
ted on a semilogarithmic scale. If the 
straight line portion of the curve covers 
three cycles, it is only necessary to read the 
difference in the thickness of absorbing ma- 
terial for the three cycle span and to divide 
this by 10 to obtain the half-value layer. 
Having determined the half-value layer 
one may calculate the absorption coeffi- 
cient from the relation /x =o,693/hvl. For 
a one cycle span the dividing factor is 3.32, 
etc. 

Comparison of the two sets of scales A-B 
and C-D reveals that for the same numeri- 
cal value on scales A and C, the number of 
half-value layers on scale D is just double 
that on scale R.* Accordingly only one set 
of scales A-B is necessary for the solution 
of the problem. The output term of equa- 
tion (1) is determined by reading the num- 
ber of half-value layers directly on scale B. 

* This is obvious to those familiar vith logarithms. 
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The distance term is obtained by usinj; 
scales A~B and douWing the number of 
hall-value layers, ^^'ith this in mind atten- 
tion may be called to the fact that the or- 
dinary polyphase slide rule has two scales 
like A and B in Figure f. The scale corre- 
sponding to A is the 3-cycle log scale used 


constructed. The chart of Figure 2 sen-cs 
the same purpose. To illustrate its use the 
solution of the t3'pipal problem given as an 
example before is indicated on^ the chart 
by arrows. 

In developing the half-value layer nicrli- 
od just described it was assumed that inicr- 



ORAPKIC CALCULATOR 
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to determine the cube of a number, Jhe 
scale corresponding to B is die linear scale 
on the reverse of the slider used to deter- 
mine the logarithm of a number, 'i his scale 
on the slide rule is slightly shorter than it 
should be to correspond exactly to scale B 
of Figure i. However, the difference is onl}' 
0.24 of I per cent and may be neglected. 
Accordingly, protection problems niay he 
eolved (in two steps) by the half-value 
laver method described here, without con- 
structing special scales. lo soJvc^tlsc prob- 
lem in one step a special slide riuc may be 


posing a second barrier of cqua! rhic km-S' fy 
the fiTsr (1 bvl) the cirvage mtc v/o;}!4 
again be reduced b\' one*ba!f. In 

vas assumed that the frall'V.Um,- 


words, u v.-..,. 1 j 

layer has a constant value rluotndmtia i 

practice this seldom occurs arsi, ‘‘''*7 
having detcrmineii the nmrjsc-r n*? 
value laj'crs needed, we car.no: 
the actu.al thicknc-^' 'd the batyct -■ - 
pie tnuhipHearion. Hv; cuftv Uit) 
apparent than real, for, sn <e.k-r 
a barrier In' any metlvM pe a.a-? 
directlv or irufwcrtiy, 
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mation: (i) the radiation output of the 
machine in roentgens per unit time at some 
convenient distance (i meter) in the direc- 
tion in which the barrier is located; (2) the 
rate at which unit thickness of the barrier 
decreases tlie dosage rate, in the given di- 
rection, as tile thickness of the barrier is in- 
creased. This means an “absorption curve” 
of a particular type, as we sliall see pres- 
ently. Assuming, however, that we have 
the appropriate absorption curve, the solu- 
tion of the problem is simple, as may be 
seen from Figure 3. To the absorption 
curve, plotted in the customary way on 
semilog paper, is added a lialf-value layer 
scale parallel to the thickness scale. Con- 
struction of the half-value layer scale is in- 
dicated by the parallel vertical lines stem- 
ming from successive 50 per cent points on 
the curve. If then the calculated number of 
half-value layers is counted on the half- 
value layer scale, the corresponding thick- 
ness of material may be read on the thick- 
ness scale. The absorption curve is used 
only for the construction of the half-value 
layer scale and need not be shown in con- 
junction with the two parallel scales. This 
procedure presupiposes, of course, that the 
thickness scale of the absorption curve is 
long enough to include the largest number 
of half-value layers that may be needed in 
tile design of any barrier for the quality of 
radiation represented by the curve. This 
should always be the case for reasons dis- 
cussed later. If a complete curve is not 
available, the primary data are insufficient 
to solve the problem accurately by any 
raediod. As ah approximation the curve 
^ay be extrapolated in a reasonable way. 
It may be well to mention explicitly at this 
point an additional condition that the ab- 
sorption curi'^e must meet. The zero thick- 
ness point must correspond to the condi- 
tions under which the radiation output was 
determined; otherwise the output value 
nsed in the calculations and the absorption 
curve are not properly related to each other. 

3. ABSORPTION CURVES 
In the preceding section, the half-value 


layer was defined in effect as the thickness of 
a barrier of any given material such that, 
when interposed between the source and a 
given point, it reduces the dosage rate at 
that point to one-half its initial value. This 
implies that absorption measurements 
should be made under the conditions ob- 
taining in any given case. Furthermore, 
since the dosage rate should be expressed in 
roentgens per unit time, the measurements 
should be made with instruments that ful- 
fill tite requirements imposed by the defini- 
tion of the roentgen. Ordinarily absorption 
measurements are made for a different pur- 
pose and the results, in general, are not 
directly applicable to our problem. Little 
attention has been paid to this problem in 
the past because in the voltage range up 
to 200 or 300 kv. die distinction is of little 
practical importance. With the more com- 
mon use of very liigh voltage roentgen rays 
the problem assumes greater proportions 
and it behooves us to examine the situation 
more closely. 

In general, roentgen rays passing through 
a sheet of matter undergo the following 
changes; (i) Some are absorbed through 
the photoelectric process; (2) some are 
merely deviated from their path without 
change of wavelength; (3) some are scat- 
tered through the Compton process impart- 
ing some of their energy to electrons and 
then proceeding in new directions with in- 
creased wavelength; (4) some are trans- 
formed into pairs of electrons and positrons 
endowed with kinetic energy in addition to 
their mass equivalent energy when the 
energy of the pair creating photon is in ex- 
cess of 1,022 kev. These are the primary 
reactions. It is evident that in going through 
the absorber the photons produced in the 
primary reactions will undergo similar 
changes. Furthermore, some of the result- 
ing high energy electrons will produce 
roentgen rays. The positrons soon combine 
with electrons and disappear — are “anni- 
hilated” — producing photons of equivalent 
total energy. The passage of roentgen rays 
through a thick layer of matter is therefore 
a very complicated process. Especially in 
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the case of high energy roentgen rays and a 
material of low atomic number the propor- 
tion of energy actually absorbed by the 
sheet of matter is small. Most of it either 
passes through unaffected or emerges from 
the material after undergoing certain trans- 
formations. In roentgen-ray protection, of 
course, any radiation that emerges from a 
barrier is potentially dangerous and must 
be taken into account. Hence it is of the 
utmost importance to realize that the 
usual absorption measurements made in 
the laboratory are not directly applicable 
to the protection problem, because scat- 


tions and in the case of monochromatic 
roentgen rays the mathematical relation be- 
tween the intensity! of the transmitted' 
radiation I and thickness of absorber / is 

where /o = intensity of radiation when no 
absorber is present 
/i = “linear absorption coefficient,” 
or, simply, absorption coeffi- 
cient 

A vast amount of work has been done 
during the last thirty years to determine 
the coefficients of absorption for different 
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tered and secondary radiations of all kinds 
are intentionally prevented from reaching 
the measuring device.* 

The experimental setup used for the de- 
termination of absorption coefficients is 
generally as shown diagrammatically in 
Figure 4.7 The beam traversing the ab- 
sorbing material A is small in cross-section 
and is delimited by the diaphragm Di 
(which should be of sufficient thickness to 
stop practically all radiation outside the 
beam from reaching the absorbing ma- 
terial A), Diaphragm Do is provided to 
allow a very small beam of the transmitted 
radiation to enter the ionization chamber 
D Under these conditions practically all 
scattered and secondary radiation origi- 
nating in A is prevented from entering the 
ionization chamber. Under these condi- 

. , intent is always there but the attainment of this de- 
si eratum is not always realized. This is one of the factors ac- 
<tountabIe for the discrepancies existinc in published values of 
absorption coefficients. 

, ‘ nionochromatic roentgen rays are used the source in 

; ? Position shown is not the focal spot of the roentgen tube. This 
‘S trre evant to the present discussion. 


wavelengths and different materials. Nu- 
merical values are given in manuals and 
books on roentgen rays dealing with the 
subject. In the supervoltage region and 
beyond, actual measurements have been 
few but theoretical calculations are more 
valid, and reliable values of the absorption 
coefficients for monochromatic radiation 
are available up to many millions of volts. 
However, the point we wish to emphasize 
here is that whether obtained by measure- 
ment or calculation, the absorption coeffi- 
cient generally given in tables is not the 
proper one to use in determining the thick- 
ness of a protective barrier. As already 
pointed out, in experiments planned to de- 
termine the absorption coefficient, it is 
desired to exclude from the transmitted 
radiation all scattered and secondary radia- 
tion originating in the absorber. The ab- 

t Intensity =energy flux per unit .irea. In the c.ise unticr con- 
sideration, by assumption, the quality of the radiation passing 
through the ionization chamber is alw.-iys the same and therefore 
the ionization chamber reading is projxsrtional to the intensity of 
radiation. (See later.) 
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transmitted radiation as measurerfs fe: mtro? mIL 

intense (that is, has been attenuated) not wide acceptance amona physicists, and'in 
> because the layer of matter has trans- conformity with tliis notation, it i^’ well to 
formed some of tile energy of the beam into use the term kilo-electron-volts kev. In 

somedung other than ionizing radiation, this paper kev. is used onlv to express the 
but also because some ionizing radiation of photon energy in the case of monochro- 
the original beam and most of that origin- matic radiation. The term kv. is used to 
ating in the absorber is deviated out of the indicate the maximum voltage applied to a 
narrow beam entering the ionization cham- roentgen tube. Thus 200 kv.^oentgen rays 

produced in a tube to wliich a 
The relative importance of the different (peak) voltage of 200 kv. is applied. Only 
processes by which a narrow beam of roent- a small percentage of the emitted photons 
gen rays is attenuated depends on the have an energy of 200 kev., the others hai'c 
wavelength of the radiation and the nature less energy. It is well to remember therefore 
of the material traversed. The coefficient that 200 kev. roentgen rays are much more 
/X may be broken down into separate com- penetrating than 200 kv. roentgen rays in 
ponents each referring to a specific process, this notation. 

„ — -4.^ 4.^ 4., * Returning to the discussion of the ab- 

M T r O t-r Op . . in- r 

, sorption coemcient, we shall point out first 

refers to the photoelectric proc- photoelectric component r pre- 

. dominates over all others in the case of low 

refers to attenuation caused by voltage roentgen rays and high atomic 
transfer of energy to the photon number elements. For lead t is large up to 
in the Compton scattering ^qo kev.. and appreciable even at 2,000 
process ^ j-ev. (2 mev.) For aluminum it is large only 

refers to attenuation caused by up to about 50 kev. The two Compton coni- 
transfer of energy to the elec- ponents for the same two materials 

tron in the Compton scattering predominate beyond the energy limits just 

* I U 


wffiere r 


(Tr 


the pair formation 


refers to 
process 

In discussing the relative values of these 
coefficients, the different wavelength re 


given until pair formation becomes im- 
portant. The latter occurs at energies 
higher than 5 mev. for lead and 15 mev. lor 
aluminum. In Figures 5 ^nd 6 it mav be 
seen at a glance how the relative contribu- 
tions of the three different components vary 


• 1 J In tioos ot tlic turcc uirTeren c coiupuiiui ; 

gions rmy be expressed to advantage m 

terms of the corresponding photon energies represent ilic 

I - ^ X t • 1 ^ 


given by the formula: 


kev. = 


12.4 


where X = wavelength in Angstroms 
and kev. = photon energy expressed in 
electron kilovolts or kilo-elec- 
tron-volts. 

For convenience, the term kilovolts is often 

* The term referring to the 

chance of wavclcncth is omitted since :t is negiigiWein the ^va^e- 
teth region of pr«ent interest (in n.-hich the w avelength .. .hort 
in companion to the dimensions of the atom). 


ICilU <11 lU till . J. MW ' — -- 

sum of the three components, that is p- R 
is interesting to note tliat for lca<i p has a 
minimum value at about 3.5 mev, Ims 
means that as the energy of the radiation 
increases up to 3.5 mev. lead becomes more 
“transparent.” With further increast m 
energy, however, it becomes again Ics'-' 
transparent. 

At least in tiie photon energy region m 
whicii the Compton effect predomin.atc. 
it is evident that “absonHimi con,si-.-‘- 
laraelv of deviation of radiation out oi .ik 
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Fig. 5 


narrow beam entering the measuring de- 
vice. Actual absorption of energy by the 
rnaterial occurs through the absorption of 
Ae secondary electrons produced in the 
interaction of radiation and matter. In tlie 
case of the photoelectric effect all the 
energy of the primary photon is transferred 
to an electron. However, this process takes 
place only with electrons that are strongly 
bound and the kinetic energy of the elec- 


tron after leaving the atom is less than tliat 
imparted to it by the photon. The balance 
of the energy reappears in the form of radia- 
tion as soon as another electron fills the 
place in the atom left vacant by the ejected 
photoelectron. For the K level in the lead 
atom tile energy that reappears in the form 
of a photon amounts to 87 kev., and is 
therefore quite penetrating. This fluores- 
cent radiation is emitted in all directions. 
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is not large, thi& kinetic energy is absorbed 
by the material more or less m situ. When 
it is yery large, much of it is transformed 
into photons. It is interesting to note that 
at energies much beyond the 3.5 mev. 
point (for which the absorption coefficient 
in lead is a minimum) some of the photons 
thus produced, and some Compton photons 
for that matter, may be more penetrating 
in lead than the original photons. In this 
region, also, the energy exchange from 
electrons to photons, or the reverse, takes 
place largely in the forward direction. The 
positron of the pair may be annihilated 
while it still possesses considerable kinetic 
energy, but more often it is annihilated 
after it has stopped. In general two pho- 
tons, each of 51 1 key. energy and traveling 
in opposite directions, are produced in this 
process. 

From the foregoing, two things are evi- 
dent: (i) the interaction of photonic radia- 
tion and matter gives rise to other photonic 
radiation; (2) the “secondary” photons 
have less energy than the primary ones. 
Now in discussing the experimental setup 
of Figure 4 it was stated that the aperture 
of the second diapliragm D2 should be 
small enough to prevent any secondary or 
scattered radiation from entering the ioni- 
zation chamber. In practice this condition 
becomes more difficult to meet as the 
energy of the radiation increases. As the 
thickness of the absorber becomes large 
(at high voltages) the beam spreads out 
considerably by “forward” scattering and 
a relatively large volume of the material 
can send radiation through the limiting 
diaphragm of the chamber. Furthermore, 
since in the parallel plate type of chamber, 
ions are collected from a much larger air 
volume than that actually traversed by the 
beam, any unwanted radiation passing 
ffitough the diaphragm is apt to register, 
hor the same reason (large ion collecting 
volume) the limiting diaphragm Dz must 
be much thicker than the maximum thick- 
i^ess of absorber used, in terms of equiva- 
lent absorption. At any rate, some second- 
ary and scattered radiation does enter the 


chamber. Since the energy of these photons 
is lower (or the wavelength longer) the 
ionization chamber reading is, in general, 
not proportional to the intensity of radia- 
tion. Actually, in practice, instead of the 
parallel plate chamber of Figure 4, a closed 
chamber of some sort would be used in the 
high energy range. The relation between 
ionization chamber reading and intensity 
of radiation is then more complex. 

Inasmuch as for protection purposes we 
wish to measure radiation in roentgens, we 
shall assume that the small closed chamber 
is constructed of air equivalent materials. 
Also we shall assume that the wall thick- 
ness is equal to the range of the highest 
energy secondary electrons. We shall con- 
sider first the voltage range in which pair 
formation is negligible. The ionization in 
the chamber is due to tliat part of the 
energy abstracted from the beam of radia- 
tion that is capable of producing ionization 
iu situ. This means the secondary elec- 
trons produced by the photoelectric and 
Compton process in air.* In the notation 
of the absorption coefficient /z, r represents 
the fraction of the energy removed from the 
beam by the photoelectric process. In air 
the binding energy of the 7 v electrons is 
small, and therefore substantially all the 
energy imparted to the electron is available 
to produce ionization. In the Compton ef- 
fect, tile portion of the energy transferred 
to the electron is represented by a-„. There- 
fore, T+(r„ represents the fraction of the 
energy of the radiation beam responsible 
for the ionization. If /is the energy flux per 
unit area, the ionization current in the air 
chamber will be 

{i.C.) = CI{T+a-a)A 

where C = a constant 

and (r-j-Oa refers to air. 

So long as the wavelength of the radiation 
entering the chamber remains the same 
(.r-fo-n)^ is constant and the ionization cur- 
rent is strictly proportional to the intensity 

* The wall is air equivalent by assumption. 
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of radiation (energy flux per unit area). In 
this case the exponential law of absorption 
may be put in terms of tile ionization cur- 

_ We have found, however, that in prac- 
tice, die quality of the radiation reaching 
the chamber is altered by the admixture 
ol scattered and secondary radiation pro- 
duced m the absorbing material in various 
ways. Accordingly, the relation between 
ionization current and thickness of ab- 


G. FaiJla 


Decejiher, 


energies from 40 key. to 10 mey. The values 
ofy, are denyed from the Klein-Nishina 

rdkbk ’lb ' f'' ’’r “ '"'= “I"'" 

reliable. The values of r are difficult to ob- 

tain in that no satisfactory theoretical rela- 
with wavelength has been worked out. 
Ihe values in the table have been derived 
by graphical means from published tables 
of absorption coefficients and other infor- 
mation in the literature. The experimental 
data available are numerous but not very 
concordant, and the accuracy of tlie de- 
rived value of r suffers from this fact. This, 



sorber should not be exponential on the 
basis of a change in quality without 

even considering the increase in the energy 
flux reaching tlie chamber caused by the 
secondary and scattered radiation. In 
practice the latter is more important, as we 
shall see presently. 

In Figure / are plotted the values of r, 
(To and T+<ra for air for different photon 


however, has little influence on the conclu- 
sion we wish to draw, namely, tiiat since 
(Fig. 7) remains between ,3 and 4 
Xio-'^ cm.-^ in the energy range of 100 to 
2,000 kev., the quality effect on the rela- 
tion between ionization current and energy 
flux through the chamber is not very marked 
in this range. If softer radiation (cnerg) 
less than Joo kev.) reaches the chamber the 
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effect may be considerable in proportion 
to the relative amount of sucli radiation 
with respect to the primary and the differ- 
ence in the values of (r-t-cra). 4 . 

We shall now consider the influence of 
the energy flux contributed by the scattered 
radiation. It is obvious that the ionization 
chamber reading will be higher than it 
would be otherwise. It is also obvious that 
the amount of scattered radiation reaching 
the chamber must depend on the thickness 
of the absorber, other things being equal. 
In accordance with tlie processes of attenu- 
ation previously described — largely the 


sary to bring the scattered and secondary 
radiation “in equilibrium” with the pri- 
mary radiation, and may be called the 
equilibrium thickness. The value of fx ob- 
tained from this curve is the same as it 
would have been if no scattered radiation 
had been allowed to reach the ionization 
chamber. This is because the experimental 
conditions were assumed to be such that 
beyond a certain thickness of material the 
relative proportions of directly transmitted 
radiation and scattered radiation remained 
constant. (In addition, we are now consid- 
ering only monochromatic radiation.) 


CO c^:> 

Di 



Fig. 8 


Compton effect, in the present case — more 
and more of the primary radiation is scat- 
tered as the tliickness of the absorber in- 
creases. However, since the wavelength is 
longer, this radiation is attenuated more 
readily by the material in which it is pro- 
duced, and tlierefore the amount emerging 
from the absorber cannot increase indefi- 
nitely. Beyond a certain thickness an addi- 
tional layer of the material adds as much 
scattered radiation as it prevents from com- 
ing out and the relative proportions be- 
tween directly transmitted radiation and 
scattered radiation remain constant. The 
absorption” curve plotted on semilog 
paper would be of the form shown in Figure 
(fi). The mathematical relation would be 

''here /g = the thickness of absorber indi- 
cated in the figure. It is the thickness neces- 


When the proportion of scattered radia- 
tion reaching the chamber changes with 
the thickness of the material the absorption 
curve is not a straight line. This is illus- 
trated in Figure 8 {b). Here the thickness of 
the absorber is about one-half of the dis- 
tance between the diaphragm and the 
chamber. The last layer of absorber, there- 
fore, is much closer to the chamber than 
tile first, and contributes more scattered 
radiation to the chamber. If the radiation 
in case {b) is of the same wavelength as in 
(^), the absorption curve will differ from 
the straight line of {a) in the manner shown 
approximately in {b). The radiation, al- 
though monochromatic, does not give a 
straight line absorption curve on a semilog 
plot, and fx appears to vary with the thick- 
ness of the absorber. Experimentally the 
influence of this effect may be checked 
readily by taking readings with a thickness 
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mS • { ’^^sn'itndc of the 

equilibrium layer at different levels be- 

tween the displiragm and the chamber 
The setup of Figure 8 (i) appears exag- 
gerated if one thinks of the source as being 
a supervoltage roentgen tube, in which case 
the intensity of radiation is high and Ions 
distances can be used. When the source is 
a radioactive isotope,* however, the dis- 
tance at which measurements can be made 
is quite limited. 

There are many other experimental dif- 
ficulties involved in the measurement of 


G. Pailla 
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tion) coefficients in the case of monochro- 
matic radiation. The main purpose of such 

^measurements IS to appraisi the character; 

Wh under consideration. 

When the object in view is to obtain data 
for protection of personnel, the conditions 
of measurement should be those appropri- 
ate to that problem. Let us study by ab- 
sorption measurements the characteristics 
ol roentgen rays produced at 2.5 million 
volts, for which data are available in the 
literature.^ 

A good experimental setup is shown in 



absorption coefficients in the case of high 
energy monochromatic radiation. Some of 
these will become apparent in the discus- 
sion of the more practical problem of the 
measurement of polychromatic radiation. f 
In physics the study of absorption coeffi- 
cients of monochromatic radiation has 
made possible our understanding of the 
interaction between radiation and matter 
through the different processes already de- 
scribed. To make use of this background 
in the simplest fashion we should make 
measurements -of polychromatic radiation 
under the conditions approximating most 
closely those required for the proper 
measurement of absorption (i.e. attenua- 

* In tJiis case tlie source )s usually very weak and one is forced 
to use Geicer-Mulier counters instead of ionization chambers. 
The wavelength response of these counters presents a much more 
difficult problem than that of the ionization function of a cham- 
ber, discussed here. The subject is of great practical importance 
but it would take us too far afield to discuss it in the present pa- 

^ + All sources of high energy radiation, with the exception of a 
few radioactive isotopes, produce poljxhromyic radiayon and 
there is no practical y.'ay of separating it into its monochromatic 
components. 


Figure 9. The provisions for preventing 
scattered radiation from reaching the 
chamber are obvious. We may point out, 
however, that the chamber “sees,” and 
therefore may receive, radiation originating 
in the doubly cross-hatched volume of the 
absorber. Hence, the necessity for making 
Di of lead thicker than the largest thick- 
ness of lead absorber to be used, by several 
half-value layers. In practice this type of 
setup is seldom possible. 7 'he room in 
which the roentgen-ray machine is housed 
is usually small and the lead shield around 
the target of insufficient thickness. As a 
result, a considerable amount of direct and 
scattered radiation is present in every part 
of the room. A second diaphragm IX of 
sufficient thickness and size can hardly be 
provided. The usual procedure is then to 
place the ionization chamber in a lead 
sleeve or collimator. This is shown in hig- 
ure 10. The lead shield around the target 
is intended for ordinary^ use of the machine 
and allows a wide beam of radiation to pass 
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tlirough. A large portion of the absorber is 
strongly irradiated and scattered radiation 
from all this region can reach the ionization 
chamber, in spite of the lead sleeve. Scat- 
tered radiation from the wall can also reach 
the chamber, but it can be made negligibly 
small by using a long sleeve. The chief 
complication, however, is due to scattered 
and secondary radiation produced in the 
sleeve itself. This can be greatly reduced 
by placing over the incidence end of the 


collimating diaphragm of small aperture at 
the incidence end. The curve shows a rapid 
drop at the beginning followed eventually 
by a straight line. The curvature indicates 
that the softest components of the beam 
were gradually eliminated by increasing 
thicknesses of lead. On the other hand, the 
straight line portion of the curve does not 
prove that the radiation, by this process of 
differential attenuation, finally became 
monochromatic and in equilibrium with 



sleeve a thick lead diaphragm vfith a small 
aperture (not shown in Fig. 10). When this 
second diaphragm is absent, there must be 
a considerable amount of soft radiation 
present within the sleeve. The relativ^e 
amount certainly varies with the wave- 
length and hence with the thickness of the 
absorber, at least at first. The significance 
of the first part of an absorption curve thus 
obtained is obscured by spurious effects. 
Fortunately, the interpretation of the first 
part of the absorption curve of polychro- 
roatic radiation is difficult at best and not 
of great practical importance. Neverthe- 
ess, one should strive to avoid complicat- 
ing factors and thus make results obtained 
- different investigators more readily 
comparable. 

An absorption curve in lead for a con- 
stant voltage of 2,500 kv. is shown in Fig- 
iij as published by Petrauskas, Van 
Myers. It was determined with a 
ead sleeve” setup, including, however, a 


its secondaries, in the range of lead thick- 
ness used. That it is not monochromatic ra- 
diation of 2,500 kev. may be readily proved 
by comparing the absorption coefficient 
derived from the straight portion of the 
curve with the one for 2,500 kev. (2.5 
mev.) given in Figure 5. They are respec- 
tively 0.617 and 0.475. Monochromatic ra- 
diation with /X =0.617 has an energy of 
1,500 kev. and this might be considered to 
be the monochromatic equivalent of the 
radiation beam after traversing several 
centimeters of lead. 

The roentgen-raj^ spectrum produced by 
a tube voltage of 2,500 kv. contains very 
little 2,500 kev. radiation. For purposes of 
illustration let us assume that in the initial 
spectrum the photons of 1,500 kev. energy 
are 8 times as numerous as the 2,500 kev. 
ones. The half-value layers for the two are 
1. 1 2 and 1.46 cm. of lead respectively. A 
lead thickness of 5 cm. corresponds, there- 
fore, to 4.45 hvl for the softer component 
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3;43 for the harder. Since the differ- 
ence is practically i hvJ, the harder com- 
ponent gains over the softer one by a factor 
of 2 in passing through each 5 cjn. of Jead. 
Since the softer component was initially 8 
times more intense, it is still 4 times more 



Fig. II 


wavelength present in the beam, 'fin's 
point in an absorption curve is seldom, if 
ever, reached in practice in the high voltace 
region. I*or one thing the intensity gets too 
low for accurate measurement, 'fhe com- 
ponent of highest energy is very weak es- 
pecially when pulsating voltage is applied 
to the roentgen tube. The coefficient of ab- 
sorption is not very sensitive to chanees in 
wavelength. 

The efficacy of differential absorption in 
lead may be judged by inspection of Figure 
5. In this connection it is useful to remem- 
ber that when the coefficients of absorption 
(or the half-value lat'crs) for two wave- 
lengths differ by to per cent, it takes lohvl 
of the ab.sorber for a differential absorption 
factor of e.f For a factor of 4 it takes 20 
hvl. Few absorption curves determined iiy 
actual measurements extend beyond lohvi. 
We may conclude, therefore, that the radi- 
ation is far from monochromatic in spite of 
the straight line absorption curve. 

Mention was made earlier that in the 
supervoltage region the relation between 
intensity of radiation and ionization cham- 
ber readings is not far from linear. lU-fer- 
ence to Figure 7 shows, however, that be- 

f To obtain a gcncml relation, let 
/i; ''Coefficient of alisorjition of barker comj'onrfif 
It] ''Coefficient of .alnorj’tion of softer conpon'nt 
(that is, in >/o) 

;il flivl)> 

'' (it (l>vl)i ^ 

/ ''difTercntial .absorption factor, that it, factor !•) ‘ 

is dcsircil tb.it intensity of b.arfier comj'>nctit .>t a,, c 

tiian that of softer comjxmem. ^ 

rii ‘'number of b.alf-v.nluc layers of tbc banlef cop!,'-- r.^t ^ 
qiiired to bring this aliouf, v.Tien I'otii *• - 

equal intensity initially. 


intense than the harder component after 
the first 5 cm. To he equal in intensity the 
trwo must traverse 15 cin* of lead, i his ex- 
ample serv''cs to .show, also, that in this 
enersy range elimination of the longer 
wavelcncth components takes place quite 
slowlv. Nevertheless, it is clear that cven- 
tuallv the shortest wavelength must pre- 
vail, even if its intensity is very low initrally. 
In the end, therefore, the radiation should 
lie monochromatic* and of the shortest 


Then 
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tween 1,000 and 2,500 kev. r+a-o (for air) 
varies about 25 per cent. Most of the energy 
in the 2,500 kv. roentgen-ray beam just 
considered lies between these limits. i\s the 
thickness of lead increases the center of 
gravity of the energy spectrum shifts 
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It could very readily amount to that if 
much greater thicknesses of lead had been 
used. While on the subject, it may be 
pointed out that this type of effect is very 
pronounced in the case of roentgen rays 
produced at voltages up to about 150 kv. 



Fig. 12 


towards the 2,500 kev. limit. Therefore, the 
ionization chamber registers a somewhat 
smaller fraction of tlie energy reaching it, 
as the thickness of lead increases. This 
tends to make the absorption curve, 
plotted as ionizatio'a cwi'ent versus thick'uess, 
straighter than it would be if the ionization 
unction of the chamber remained constant, 
his effect is probably much less than the 
-5 per cent extreme mentioned above, in 
the straight part of the curv'-e of Figure ii. 


(i.e. less than 100 kev. monochromatic). 
Inspection of Figure 7 makes this self 
evident. 

The interpretation of absorption curves 
is important -in the problem of protection; 
we may then dwell on the subject a little 
longer. The cun^es of Figure 12 were 
obtained by Folsom and Focht® using very 
well collimated beams, long distances and 
“air wall” ionization chambers. For 1,000 
kv. roentgen rays the ionization function 
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rnflu»c 7 ™ thi ^Lnrm lead , 7 t' H ■'""h 

curves bevond a few centimeter*? of mn ♦-? • i I^rgel} used as protec- 

Crete. Th^ interests thing s that these' 7 or:el 7 P™'’'™ 

curves are straifrhf- .h.c L ^ - serious; (2) measurements made on 

o 1 f 1 installations provide a check on 

on the th,ckne.ss of the lead filter used. The calculations and the results of the tl 

reason why each cun^e is straight is. of parison are ayailahle for future me 7 X 

course, that the coefficient of absorption cost of protection is not high.* jt consists 
for concrete does not varv much in the ’ * consists 


largely of labor costs and the use of a 
thicker lead barrier “to be on the safe side’’ 
entails little additional expense. 

If the permissible daily dose for con- 
tinued exposure of the whole body is 
o.i r, it means that radiation of an average 


wavelength range involved in each curve. 

Differential absorption of the longer wave- 
lengths is very ineffective— much less 
effective than in the case of the lead ab- 
sorption curve previously discussed — and ^ ^ 

the radiation is not monochromatic. The dosage rate of 12.5 mr/hr. is present— or 
}eadj 7 //(??, however, does change the quality at any rate is allowable — in rooms occupied 
of the beam (as indicated by the different by personnel. This radiation is subject to 
slopes) and it does so without decreasing the same physical laws as radiation of 
the intensity of radiation to the vanishing higher dosage rate. It is, therefore, ab- 
point. Therefore, with greater thickness of sorbed, scattered and rescattered in the 
concrete all the curves should tend to room. If then, the /oW dosage rate to which 
assume the same slope. This means that, an individual is exposed cannot exceed 12.5 
eventually, at least some of the cun^es mr per hour, the dosage rate of the radia- 
must bend upward. They are straight for tion the room must be lower. How 

reasons already given and because the much lower? Also, and more important, 
thickness of concrete used was not suffi- how can w^e calculate the dosage rate of the 
ciently large. Aside from the fact (pointed radiation entering the room? The answers 
out by Folsom and Focht) that narrow to these questions (and others) must be 
beam absorption data are not directly known before we can design protective 
applicable to the protection problem, it barriers that are not only sufheient but 
should be emphasized that the thickness of economical, 
absorber used fand the filter) should be as 
large as is apt to be needed for protection 


barriers. 

We shall analyze now the protection 
problem with the object of determining, 
if possible, the conditions under which 
absorption measurements should be made 

in the laboratory to be most directly -- --j - 1 

applicable. The problem is simply this: of the different 

We Irish to obtain data which will enable lines proceeding from the ' , 

us to design in advance all protective 
barriers needed in a roentgen-ray installa 


In Figure 13 the source of high voltage 
roentgen rays (say, 2,000 kv.) is shown in 
one room, an ionization chamber in an 
adjoining room separated from the former 
by a thick concrete wall. The radial lines 
indicate the directions from which the 
chamber receives radiation, no atternpt 
being made to represent the magnitudes 


chamber indicate the narrow 
mizht be used in the making of measure- 


tion, irith'the assurance that protection of ments of the VP= 

* r:rX olhX^rXfhigX sturrls higher tha„ theone — 
voltage roentgen-ray generators becomes *Thf relative w the pnee of tiicmacinn-!?. 


more 


common. In the lower voltage range high. 
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with the collimated narrow beam. The 
distinction between absorption measure- 
ments intended for absorption coefficient 
determinations and those applicable to 
protection problems is not, therefore, a 
mere refinement. 

Inasmuch as the laws of interaction of 
radiation and matter have been worked 
out quite satisfactorily, in principle one 
could calculate the dosage rate at different 
points in the room, having first ascertained 
the characteristics of the radiation by 
appropriate narrow beam measurements. 


tions. In making use of this method care 
should be exercised not to extrapolate too 
far. That is, the conditions of the new 
installation should not be too far removed 
from those on which the empirical relations 
are based. While this scheme is feasible, 
it is actually a matter of considerable 
difficulty to obtain the necessary experi- 
mental information. Aside from geographi- 
cal limitations, existing supervoltage in- 
stallations are so constructed that seldom 
can one obtain the desired data without 
objectionable complicating factors. Never- 



The necessary reduction factor in dosage 
rate that the barrier must bring about is so 
great, however, that the radiation under- 
goes many repeated changes in wavelength 
^nrd direction in its passage through the 
barrier. Thus the mathematical problem 
becomes too involved and simplifying 
assumptions are introduced to bring it into 
manageable form. This reduces the relia- 
bility of the results to an extent that is 
difficult to estimate. 


A second method by which the necessary 
data may be obtained is by interpolation 
and extrapolation making use of existing 
installations. Thus one could calculate tlie 
dosage rate on the basis of absorption 
coefficients, then make actual measure- 
^lents at the point in question and deter- 
mine the correction factor to apply to the 
calculated value. By doing this undei 
many different conditions, certain empiri- 
cal relations could be obtained which could 
be applied to the design of new installa- 


theless more work of this sort should be 
done. After all, it is only by making careful 
measurements after the installation has 
been completed that the accuracy of the 
calculations can be checked. 

One difficulty with the “correction fac- 
tor” method just discussed deserves men- 
tion. The simplest way in which to apply 
this method would be to use the absorption 
curve for the radiation and material under 
consideration, and to determine therefrom 
the minimum thickness of the barrier. Then 
the thickness would be increased by an 
amount determined by the appropriate 
empirical correction factor. This procedure 
relies heavily on the absorption curve, 
which, as we have seen, is influenced by 
the experimental setup. For one thing the 
cross-section of the beam used is very 
important.* What constitutes a “narrow” 
beam has been largely a matter of personal 

* See, for instance, Folsom and Focht s paper already referred 

to. 
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that a certain percentage difference in the 
coefficients of absorption (slopes of tlie 
curves) makes the same percentage differ- 
ence in the total thickness of the barrier. 
On the other hand, a small percentage 
difference in the absorption coefficients 
makes a large difference in the dosage 
rates of the radiation transmitted through 
a thick barrier. For example, a 15 hvl con- 
crete barrier would be either (15X3. 91 ==) 
58.7 or (15X4.58=) 68.7 cm. thick de- 
pending on which one of the two extreme 
curves in Figure 12 is chosen. If the steeper 
curve is chosen (jtz =0.177) but the radia- 
tion actually behaves as if the coefficient 
of absorption were 0.152 (17 per cent 
difference in ;u), the dosage rate of the 
radiation transmitted through 58.7 cm. of 
concrete would be 4.27 times higher.* 

In view of the numerous difficulties 
encountered in the determination of nar- 
row beam absorption curves in the super- 
voltage region, it is desirable to find a more 
practical scheme. It is clear that some sort 
ot absorption curve is necessary. Prefer- 
ably we should have one that is not so 
sensitive to differences in experimental 
setup. If we place the absorbing material 
completely around the ionization chamber, 
■^ve avoid many difficulties. We also obtain 
an absorption curve that represents the 
conditions of the protection problem more 
closely than the narrow beam curve deter- 
mined in the customary way. The ioniza- 
tion chamber might be said to represent a 
miniature room surrounded by walls of the 
protective material. There are at present 
no absorption curv-'es obtained in this way 
and comparison with conventional ab- 
sorption curves is impossible. It is not 
difficult to predict, however, that the slope 
^1 such a cun'e would be less than that ot 

niny he ohtaine-J readily in ways: ihe 
Jor >:=o.ic; is 6S.7 cni. Therefore, the har- 
" 1' th'nner than it should he hv ic cm., which h equivalent to 

, r.vl. Hence hv reference to scale*; —B of F*giure 

4.i- higher. Or u-e br r,=i.c nl 

yiicn in tbc footnf'tc on ti. ryr. jn I'b.tcn 

.-oU'irc tor ci|iiirior:y 


its narrow beam counterpart. Using this 
more representative t}'pe of absorption 
curve to determine the thickness of the 
desired barrier, we are bound to get a 
closer approximation to the correct thick- 
ness. The correction factors, which in any 
event must be determined empirically, 
will then be much smaller. 

We may examine for a moment an 
absorption curve obtained by a method 
that in some respects resembles the one 
suggested above. The curve was obtained 
by Braes trupf b\' swroimding the source 
(radium) with lead cylinders of increasing 


Table I 


Thickness of 

Relative Ionization with 

Lead Shield 

Lead shield 

Lead shield 

cm. 

around radium around chamber 

0 

100.0 

100.0 

0.32 

75.0 

82.5 

2 .0 

32 . 1 

34-0 

4.0 

1 1 .6 

12.4 

thickness. For 

comparison 

Figure 14 con- 

tains, also, an 

absorption 

curve obtained 


with a well collimated gamma-ray beam. 
The same spherical ionization chambers 
were used in both cases and they were 
never closer to the radium than i meter. 
The difference between the two curves is 
not due to radiation scattered by the walls 
of the room and objects in it. It is almost 
entirely due to radiation scattered by the 
mass of lead around the source. When the 
absorber is placed around the chamber a 
similar situation exists in that much 
of the radiation scattered in the material 
reaches the chamber. In the case of the 
gamma rays of radium it is interesting to 
note that it makes little difference whether 
the lead is placed around the source or 
around the chamber, at least tip to a thick- 
ness of 4 cm. as may be seen from 'Fable 

Roentgen radiation in the energy ranee 

4 
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in which pair formation is important is 
produced at present by generators of the 
betatron type/.^ operating at maximum 
electron energies of a few million to loo 
inilhon electron volts. When electrons with 
this energy impinge on a target, they 
produce polychromatic roentgen rays. Just 
as at lower voltages the energy of the most 
energetic photons is equal to that of the 
impinging electrons and the bulk of the 
radiation is of much lower energv — about 
one-half or two-thirds of the maximum. 
It is desirable, therefore, to obtain ab- 
sorption curves for the purpose of studying 
the interaction of radiation and matter in 
this new range, and for protection pur- 
poses. As already explained, the experi- 
mental conditions must be adjusted to the 


I)i:cEM»r.x, igt; 


concrete, which is commonly used in the 
supervoltage range, the situation is less 
avorable because pair formation in this 
■material is less and does not become verv 
prominent until photon energies of the 
order of jo mev. are reached. Also, the 
coefficient of absorption of concrete in- 
creases very slowly beyond lo mev'. This 
applies to all substances of low or medium 
atomic number, and therefore concrete and 
lead are still the most practical materials 
to use for protective barriers in the energy 
range above lo mev.* 

The measurement of multimiHionf volt 
roentgen rays for protection purposes 
involves the fundamental question of the 
biological effectiveness of such roentgen 
rays. While little is known from actu.al 


purpose. experience, it may be assumed with con- 

In the range of 20 to 100 million volt hdence that a certain amount of (ioniza- 
roentgen rays the protection problem is tion) energy actually absorbed by a living 
greatly simplified bj^ the fact that most cell will produce the same biological 
of the radiation is emitted within a very changes, wdiether the energy is imparted to 
narrow cone with its axis in the direction the cell by supervoltage or multimlHion 
of travel of the electrons at the time of volt roentgen rays— provided all other 
impact. For 20 and 100 million volt roent- conditions are the same. The latter statc- 
gen rays the vertex angle of this cone is ment is not intended as a "tricky” resen-a- 
approximately 9 and 2 degrees, respec- tion. Thus, obviously, the distribution of 
tively. Radiation emitted at 90° to this absorbed energy throughout the biological 
axis is not only much less intense but also object and the time factors must he t))e 
much softer. Accordingly^ if the beam of same in order to make any valid campari- 
radiation is fixed in position oris adjustable son at all. 

to a limited degree, ///rV/: protective barriers The distribution of the ionization pro- 
are needed only in certain directions, duced in the human body \yill he quite 
There is, also, a second favorable element different in the case of multimillion volt 
in that substances of high atomic number roentgen rays for three reasons: [0 1 1'- 
become increasingly' more effective as radiation is more penetrating; (V more 


absorbers as the voltage increases bey'ond 
the point at which pair formation sets in. 
As previously mentioned lead is most 
transparent to 3 to 4 mev. roentgen rays. 
It attenuates 20 mev, roentgen ray's at the 
same rate that it attenuates i mev. roent- 
gen rays (see Fig. 5)- 
roentuen ray's lead behaves as a filter but 
in the opposite direction to that with which 
we are familiar in the low voltage range- 
It tends to increase the average wavelength 
of the transmitted radiation up to that 
corresponding to 3 or 4 mev. In the case o\ 
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) some extent hy fhi-. consiticration. The ra iiyety 
roduceJin the Itarricr (or other ohjet t in the pyh fy f'Td- 
iv.x) would emit radiation confinuou-.ly even v-ben ye i 
;hut down, rdrtunately. the cnicieney o , 

:tjvc very lo'-v ani in s-j'' ^ 
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important than this, ^yhen the beam 
initially is devoid of “secondaries” the 
depth dose is actually much higher than 
the skin dose, at depths of the order of 
several centimeters;® (3) since the proba- 
bility of pair formation increases with the 
square of the atomic number,'^ tissues such 
as bone, containing fairly high atomic 
number elements, will absorb jnore energy 
than other tissues in a radiation field of 
equal intensity. If the tissue dose is 
measured properly,^ in the region or regions 
in which the biological effect originates and 
develops, these physical differences can be 
taken into account, and the biological 
changes to be expected may be predicted. 
We shall discuss this matter onlv briefly 
and so far as it concerns the present prob- 
lem. 

In making protection jneasurements one 
must take into account the unusual 
distribution of absorbed energy in the 
human^ body just mentioned. At what 
depth in the soft tissues of the body the 
jnaximum energy absorption occurs de- 
pends on the photon energy of the radiation 
and on its “equilibrium status.”* The 
importance of the latter was demonstrated 
first in the case of the gamma rays of 
radium,- in which energy range it begins 
to be appreciable. In the case of multi- 
million volt roentgen rays it is incom- 
parably more marked. The layer of tissue 
through which the radiation must pass to 
be in equilibrium with the secondary 
electrons is approximately 3.5 cm. in the 
case of 10 mv. roentgen rays® and may 
reach 9 or 10 cm.f at 100 mv. The difference 
between the dose at the surface of the skin 

By equilibrium status** is meant the extent to which * sec- 
ondaries'* are present. '‘Secondaries" is a loose term referring to 
c ectrons, positrons, scattered radiation, annihilation radiation, 
etc. 1 he thickness of matter through which the radiation must 
pass to be in equilibrium with its secondaries depends, among 
other things, on what secondaries we are interested in. If we 
consider only electrons, the equilibrium thickness is much less 
than when secondary photons are included. The thickness also 
depends on the geometry of the beam and absorber (parallel or 
rays, extent of absorbing mass, etc.). 

T This thickness is governed larcely by the maximum range of 
the secondary electrons produced in the absorber, and to some 
extent by the experimentai conditions. At very high energies 
electrons lose much energy* in "lumps** by radiative processes and 
wie range is shorter than it would be otherwise. 


and that at the depth at which it is highest, 
may be very large, depending on how 
completely “stripped” of secondary elec- 
trons the roentgen-ray beam is when it 
reaches the skin. It is obvious that for 
protection purposes we are interested in 
this maximum depth dose. To get a 
reasonably close approximation of its value 
the ionization chamber must be surrounded 
by a thickness of tissue equivalent material 
equal to the equilibrium thickness. This 
varies with the energy of the radiation and 
must be determined experimentally. It 
also varies with the equilibrium status of 
the radiation. Because of the large thick- 
ness needed at very high voltages (say 
100 mv.) the absorption of radiation in 
this layer is considerable. Hence, if the 
radiation is already in equilibrium with its 
secondaries, an ionization chamber sur- 
rounded by the equilibrium layer will read 
lower than it should to represent the 
radiation that (some internal organs of) 
the human body would receive. It is best 
to determine the equilibrium status of the 
radiation at the time and place of measure- 
ment by gradually increasing the thickness 
of material surrounding the chamber. (A 
sharp maximum in the ionization reading 
should not be expected.) 

It might be mentioned in this connection 
that the equilibrium status depends on the 
nature of the material traversed by the 
radiation. One hundred million volt roent- 
gen rays passing through a very large 
thickness of lead would be in equilibrium 
with the secondaries so far as lead is con- 
cerned, but not with respect to the tissue 
equivalent material surrounding the ioniza- 
tion chamber. This is because the pair 
formation process depends on the square 
of the atomic number. The same thing 
applies to concrete but to a much smaller 
extent. A narrow beam of loo mv. roentgen 
rays passing through a thick concrete 
wall is not in equilibrium with its second- 
aries at a considerable distance beyond the 
wall, for another reason; the secondaries 
tend to be scattered out of the narrow 
beam. 



G. Failla 


580 

to photons when the positron is annihi- 
Jated. While it should be registered in the 
measurementj this energy is not im- 
mediately available to produce ions. This 
effect is appreciable in the relatively low 
energy range of several mev. because 
1,022 kev. is then a substantial fraction of 
the total energy imparted to the pair. The 
difficulty will have to be resolved by agree- 
ment at some future International Con- 
gress of Radiology. 

Referring back to Figure 7 it may be 
pointed out that if the conditions of 
measurement meet the requirements of 
the present definition of the roentgen, the 
ionization current readings will be very 
nearly proportional to the roentgen-ray 
energy flux in the region of 8 to 300 mev. 
The dotted portion of the curve in Figure 
7 represents the sum of Vo and cr,,, which 
is 2 Xto~" cm."^ at 8 or 9 mev. and remains 
nearly at this value up to about 300 mev. 

Before closing, it is desirable to point 
out that the mathematical part of protec- 
tion problerns in the multimillion volt 
range may be solved by the same methods 
developed in Part 2 of this paper,* How- 
ever, it should be remembered that equa- 
tion (i) is based on a permissible daily dose 
of 0,1 r. This is higher by a factor of 2 or 
more than the value applicable to the very 
high energy range, 7 ’he charts derived 
from equation (i) may be used, but one 
or more half-value layers must be added 
to the number determined thereby, de- 
pending on the appropriate value of the 
permissible daily dose. 

SU.MMARV 

Soluhon of Protection Problems in Terms 
of the Half-Pahie Uyer. The accepted 
permissible daily dose of roentgen rays for 
long continued exposure of the whole body 
is 0.1 r. For an eight hour working day this 
corresponds to a dosage rate of I2.s 
milliroentgens per hour (12.5 mr/hr.). 
Given a roentgen-ray machme with a 
certain output and quality of radiation, the 
protection problem consists of detemmung 
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the thicknesses of absorbing barriers to he 
placed around the source in order to reduce 
the dosage rate to 12.5 mr/hr. in all 
regularly occupied regions. 

If the dosage rate at a given point is 
I r/min., it may be reduced to ?. r/niin. In- 
interposing a protective barrier of any 
material of thickness equal to one half- 
value layer (i hvl). Addition of another 
half-value layer reduces the dosage rate to 
^ r/min., and so on. In this way it is found 
that to reduce the dosage rate to 12.5 
mr/hr. a barrier of 12,2 half-value layers 
be interposed between the source and the 
point in question. If the initial dosage 
rate is 2 r/min. instead of i r/min. one 
additional half-value layer is required,- 
if 4 r/min. 2 additional half-value layers 
are needed, and so on. On the otlicr hand, 
at a point twice as far from the source, the 
initial dosage rate will be I r/min. instead 
of I r/min. and the thickness of the barrier 
ma}^ be decreased by 2 half-i'alue layers. 
If the distance is doubled again 2 more 
half-value layers may be subtracted, and 
so forth. It follows, therefore, that lioth the 
radiation output and distance factors of a 
problem may be expressed ni U’c 

corre.sponding number of half-vaiu^k.'/’^'' 
to be added or subtracted. 'I'lie pryym 1*5 
then reduced to one of algeliraif^f'*;'!’'*’’ 
instead of multiplicat.'dn .m 3 division. 
This makes possilile the construction of 
simple graphical charts for the solution of 
practical problems. Figure 2 in the test 

is the most useful one. t , 

Having determined (hy means of I'lU. -i 
the number of half-value layers require, 
in the harrier to reduce the dosage 
a given point to 12.C mr/hr., it isniHCiy-*'! 
to translate it into actual thicNncss o . c 
material to l)c used. Ibis /j,^ 

absorption curve for the radiation are 
materia! under consideration. U - 

plotted to a scniiloganthmic scaie. 1- ^ 
straight line, the half-value ayct ■ ^ 

stant throughout the thicknc' - T,.. 

ifs value may lit- derived readi > • , 

curve. The tliickness of me • 

tl.fir at 
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obtained by multiplying the number of 
half-value layers required by the tliickness 
of tile half-value layer. If the absorption 
curve is not straight a different procedure 
(explained in the text) must be followed. 
It should be noted that the fundamental 
data embodied in the absorption curve are 
necessary for the solution of protection 
problems, no matter what method is used. 

Discussion of Absorption Cwves. Physi- 
cists are interested primarily in the laws 
that govern tlie interaction of radiation 
and matter. To study the different proc- 
esses of interaction, absorption curves are 
determined under appropriate conditions. 
In general, these conditions do not fulfill 
the special requirements of the protection 
problem and such curves should not be 
used for this purpose. The discrepancy 
becomes more marked at the higher 
voltages (i million and over) which are 
coming into prominent use in medicine 
and industry. In this voltage range the 
factor of uncertainty at present is too 
large to permit the design of barriers that 
provide adequate protection at minimum 
cost. 

Practical limitations make it very diffi- 
^ cult to duplicate in the laboratory the 
numerous and varied conditions obtaining 
\ep in high voltage installations. Nor would it 
be desirable to do so. It is preferable to 
obtain basic experimental data that can 
be applied most directly to protection 
problems in general, taking care of special 
conditions by suitable allowances. The 
basic data should be such that these 
allowances will be small and will introduce 
little uncertainty in the final result. It is 
suggested that absorption curvres deter- 
mined by placing the absorber completely 
around a properly designed “air-wall” 
ionization chamber, would serve this pur- 
pose best. Such curves are not apt to be 
influenced markedly by the experimental 
setup and can be determined readily in 
any laboratorv. 


to denote the energy range in which 
absorption by the pair formation process 
plays an important part. Depending on the 
material under consideration, this range 
extends from a few million volts up. 

In this case the protection problem is 
simplified by the fact that the emitted 
roentgen rays are confined largely within 
a narrow cone and that all processes of 
interaction tend to maintain the energy in 
the “forward direction.” 

In this energy range, lead becomes again 
a very efficient absorber. Concrete is 
relatively less efficient than lead but more 
practical for large barriers. 

The measurement of these roentgen rays 
and the determination of absorption curves 
present special problems which have not 
been solved. The conditions under which 
measurements are to be made to conform 
with the requirements of the present 
definition of the roentgen should be agreed 
upon. 

Witli multimillion volt roentgen rays the 
distribution of radiation in the human 
body is quite different from that produced 
by ordinary roentgen rays. The “depth” 
dose for a single beam may be many times 
higher than the skin dose. The ionization 
produced in a tissue (or energy absorbed) 
depends also on the presence of elements of 
high atomic number not only in the tissue 
and at the point in question but in tissues 
at a considerable distance. This is because 
the pair formation process depends on the 
square of the atomic number and the 
ranges of the resulting electron and posi- 
tron may be a few centimeters. 

Because of the relatively larger amount 
of radiation reaching the blood forming 
organs and the excess of ionizing particles 
reaching the bone marrow from the higher 
differential pair formation in bone, the 
permissible daily dose for exposure of the 
whole body to multimillion volt roentgen 
rays should be considerably lower than o.i 
roentgen. 


Some Protection Problems Peculiar to 
"bultimillion Volt Roentge7t Rays. The 
qjression “multimillion volt roentgen 
lys” is suggested — with some reluctance — I 
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EXPERIENCES WITH THE ROENTGEN-RAY TUBE 

By W. D. COOLIDGE 
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T he fifty year period commemorated 
by this number of The American 
Journal of Roentgenology and Ra- 
dium Therapy began during my senior 
year as an electrical engineering student at 
the Massachusetts Institute of Technology. 
The announcement of Rontgen’s great 
discovery was soon followed by intensive 
work by several members of the teaching 
staff at the Massachusetts Institute of 
Technology on various forms of high 
tension generators to operate the tube. 
This work was done in collaboration with 
Dr. Francis H. Williams of Boston, one of 
the earliest of the pioneers in the applica- 
tion of roentgen rays in the medical field, 
and it was my exciting privilege to witness 
many of these developments. 

In addition to this, I spent many eve- 
nings with a friend who had a large static 
machine from which various roentgen-ray 
tubes were operated, and later built a static 
machine of my own for the same purpose. 

I became acquainted very early with the 
destructive effect of roentgen rays upon 
living tissue. In fact, it was only a few 
months after the announcement of Ront- 
gen’s discovery that I required medical 
care for a roentgen burn covering most of 
tl''e back of one hand. 

Meeting ivith Rdntgeii 

In 1898, while a student in the Univer- 
sity of Leipzig, I was greatly thrilled one 
day when Professor Rontgen entered the 
room in which I was working on my thesis. 
The Herr Geheimrath Gustav Weidemann 
had recendy died and Rontgen had been 
called to take his place as head of the 
physics department. The impression which 
I received was an unforgettable one, the 
more so as I had previously pictured 
Rontgen as a frail and sickly looking 
individual rather than the robust specimen 
I then saw before me who was so tall that 


he could just enter the door without stoop- 
ing. 

The new Physics Institute in Leipzig had 
just been completed and the living quarters 
of the Rontgens would have been on the top 
floor; but the front windows overlooked the 
cemetery, and I heard that this view 
proved unacceptable to Mrs. Rontgen. 
Be that as it may, the call to Leipzig was 
not accepted. 

Roentgen Tube as Vacuum Furnace 

In 1905, when I left the Massachusetts 
Institute of Technology and joined the 
staff of the Research Laboratory in Sche- 
nectady, I found there an urgent need for 
a vacuum furnace for melting refractory 
metals, including tungsten, which were 
being studied in the hope of finding some- 
thing better than carbon for the filament 
of the incandescent lamp. My early ex- 
perience witli roentgen-ray tubes naturally 
suggested that any material placed at the 
focus of the cathode rays in such a tube 
could be either melted or vaporized and, 
because of the vacuum, without con- 
tamination from the atmosphere. So I 
returned to the Massachusetts Institute of 
Technology and for several weeks, with the 
help of a large Heinz induction coil and 
other equipment kindly lent me by the 
physics department, I had the experience 
of working on the development of roentgen 
tubes in which, for the first time perhaps, 
one wanted the targets to melt. For these 
experiments I did not get beyond the stage 
of using graphite targets. This was perhaps 
fortunate for me, as graphite, with its low 
atomic number, is a very inefficient source 
of roentgen rays, and I was using much 
energy in the tubes and did not have 
adequate means of protection. In fact, 
when Dr. Francis Williams visited me to 
acquaint himself with the roentgen-rav 
output of one of the tubes, he said, upon 
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leaving, that in all his experience he had 
never before been so much exposed to the 
rays. 

Tungsten Target Development 

In Schenccts-dyj when, 3.ftev several 
years’ work on tungsten, we had succeeded 
in making that originally brittle metal 
ductile and had learned how to make good 
lamp filaments from it, we looked for other 
applications. 

One of the first of these was as a substi- 
tute for platinum in the target of the 
roentgen tube. 

Experiments were needed not only to 
determine design features but also to learn 
the best metallurgical characteristics of the 
tungsten metal for the target face. To 
facilitate the experiments the most power- 
ful roentgen generator of that time, a 
10 kw. Snook transformer machine, was 
acquired. As the purpose of the study was 
the development of as robust a target as 
possible, the experiments involved serious 
overloading of the tubes. This overloading 
developed weaknesses in this type of tube, 
which manifested themselves in the form 
of punctures in the glass envelopes and in 
cracks due to local overheating. These 
troubles were subsequently reduced by 
operating the tubes immersed in oil, but 
new limitations then presented themselves. 
With the heavier loads which could be used 
with oil immersion the aluminum cathodes 
melted. Then there was the ever-present 
difficulty of controlling the gas pressure in 
the tubes. 

Experiments Leading to the Developtnent of 
the Hot Cathode High Vacuwn Tube 

To avoid the melting of the aluminum 
cathodes, we tried replacing them with 
tungsten. This resulted in a tube which was 
hopelessly unstable (“cranky” in the lan- 
guage of the time). 

In another tube, the target and cathode 
were both made of massive tungsten and 
identical in form. This tube also was ye^ 
unstable. The cathode showed essentially 
the same heating as the target, and the 
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positive ions which bombarded it were 
about as sharply focused as were the 
electrons striking the target. It was at first 
impossible to operate it for more than an 
instant at a time as, with the application 
of iigh voltage, the gas would immediately' 
clean up. It later developed, however, that 
if the gas pressure were then quickly 
increased by means of the regulator, the 
tube could again be operated for an instant, 
and that if this procedure were repeated 
several times in quick succession the 
cathode would become very hot and, in this 
condition, the tube could be operated 
continuously. This seemed to bespeak 
interesting possibilities for a tube in which 
the cathode could readily be heated atyvil). 
The idea of getting electrons from a hot 
body was not neyv. Edison had obsen^d 
it in the incandescent lamp, and 0 , W, 
Richardson had invmstigated the relation 
between electron emission and tempera- 
ture. There yy^as, hoyvever, much skepticism 
among physicists at the time as to whether 
electron emission v^ould continue in case 
the gas were completely remoy''ed from the 
hot body. 

At just the time, however, when we had 
become conscious of the fact that most of 
the limitations of the original type of 
roentgen tube were due to the gas content, 
without which it could not operate, and 
were wishing for a stable .source of elec- 
trons in a high vacuum. Dr. Irving Lang- 
muir in our laboratory yvas .studying 
electron emission from hot tungsten fila- 
ments and finding that even in the highest 
vacuum the emission yvas stable and 
reproducible and that it was even favorcc 
in amount by freeing the cathode filament 
of its original gas content. 

7 'hese circumstances led me to the con- 
struction of experimental high y'acuum 
tubes with a heated tungsten filament as 
cathode and a tungsten disc a.s anode. 
Until these tubes had been continuously- 
pumped for many hours by an c>. 
system yvhich yvas good at the time, Im* 
yvhich yvould now be considered ^cr} so.y, 
they showed some of the green fluorescence 
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of the glass which had always attended the 
operation of a roentgen tube; but as the 
electrodes became freed of gas this fluores- 
cence became less and finally disappeared 
completely. The tube was then stable and 
controllable, and we were able to satisfy 
ourselves that its behavior was the same as 
it would be even if it had a perfect vacuum. 
The positive ions, essential to the operation 
of the earlier tubes, were no longer needed 
and the limitations, most of which were 
due to the presence of those positive ions, 
were gone with them. 

First Public Pcmonstrntion of the New Tube 

Dr. Lewis Gregory Cole in New York 
was the first roentgenologist to have his 
office equipped with the new type of tube. 
To introduce it and me to the medical 
profession, he gave a dinner in New York 
on December 27, 1913, to which he had 
invited many prominent roentgenologists. 
A powerful high voltage generator had been 
installed in the dining room by Dr. Harry 
Waite, of the firm of Waite and Bartlett, 
and with it I was privileged to demonstrate 
the new tube. On thinking of it now, it 
seems surprising that the audience stayed 
through the demonstration. Up to that 
time the capacity of high voltage roentgen- 
ray generators had been considerably in 
excess of what the tubes could stand for 
any length of time, but with one of the new 
tubes having a sufficiently large focal spot 
this was no longer true. I opened the 
machine up wide and, with the limited 
amount of protection which the open lead- 
glass bowl of that time afforded, the 
audience must have received much more 
roentgen radiation than they were ac- 
customed to. 

Assistance from the Medical Profession 

Drs. Lewis Gregory Cole, James T. 
Case, Walter Dodd, Eugene Caldwell, 
George E. Pfahler, Preston M. Hickey, and 
many other roentgenologists, were very 
helpful to us in those early days in adapting 
the new tube to the various medical ap- 
plications. 


Mystery Connected with Roentgenography 

The gas-filled roentgen tube had not been 
easy to control and its successful use had 
called for both patience and experience. 
It was probably due to the idiosyncrasies 
of that type of tube that it was not un- 
common to hear an expert roentgenologist 
say that once upon a time he had made a 
wonderful roentgenogram whose quality 
he had never since been able to equal. 
There seemed to be some mystery con- 
nected with this — possibly some particular 
roentgen-ray spectrum was most desirable. 

A factor which had contributed to the 
difficulty of clearing up the mystery was 
the run-away tendency of the discharge 
through the gas-filled tube. This had made 
it necessary that the high voltage source 
employed should not have good regula- 
tion — that is, that for any given setting of 
the controls, its voltage should fall rapidly 
with the milliamperage drawn by the tube. 

As a result, it had always been very 
difficult to know what voltage had been 
effective in producing a given roentgeno- 
gram. As ordinarily used, the parallel 
spark-gap indicated the voltage required 
to initiate the discharge, but this was 
usually quite different from, and ap- 
preciably higher than, the voltage across 
the tube when it was later carrying current 
and so producing roentgen rays. 

With the new stable tube, in which the 
starting and running voltages were the 
same, we found it desirable to use a high 
voltage source which did not have a falling 
voltage characteristic, but instead had good 
regulation. It was then possible to know 
in advance what both the milliamperage 
and the voltage were going to be. 

Another factor which must have played 
some role in creating the mystery was the 
size of focal spot. In a gas tube this was not 
constant but could vary appreciably with 
the pressure even during an exposure. Not 
only this, but as the pressure changed, tlie 
position of the focal spot could change 
also. 

There was at the time but little knowl- 
edge concerning the matter of focal spot 
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size. It was quite common for the manu- 
facturer to receive an order for a tube with 
“pin-point focus.” Such a tube, had it been 
delivered, would of course have been 
unsatisfactory because of the energy limi- 
tation which this would have imposed. 
This limited knowledge concerning the 
size of focal spot was such a handicap in the 
art that for some time after beginning the 
sale of the hot cathode tube, for educa- 
tional purposes we supplied with each one 
a natural size roentgen-ray pinhole camera 
picture of its focal spot. 


seeming evidence of a ghastly crime. We 
later received a visit from our works' 
detective, who was in a very serious mood. 
We explained and explained, hut have 
never been sure that he has ceased to 
regard us with suspicion. 

The conclusion drawn from these ex- 
periments was that there was no mystery— 
that, other things being equal, contrast was 
determined solely by the voltage used and 
that definition was a function of the size 
and fixity of position of the focal spot. We 
concluded that if one had his choice he 


Solution of the Mystery 

With the hot-cathode tube, in which 
current and voltage were under independent 
and accurate control, and the focal spot 
was of known and unvarying size and fixed 
location, we were in a position to attempt 
the solution of the mystery concerning 
that occasional outstanding roentgeno- 
gram that could not be duplicated. As a 
subject was needed, I called on one of my 
medical friends for assistance. (I had 
temporarily and unintentionally sacrificed 
my own back hair to previous experiments 
and did not like to practice on other living 
subjects.) My friend provided me with 
material which was very useful over a 
period of months. I wish that I might make 
fitting acknowledgment at this time to the 
willing and complacent subject of those 
experiments. (I can’t think of it even today 
without smelling formalin.) 

Later experiments with the detached leg 
of another passive subject led to a serious 
misunderstanding. For, upon the com- 
pletion of these experiments, we wrapped 
the member in question in a fabric which 
was easily available to us, varnished 
cambric, and took it to the works in- 
cinerator. The operator in chaise removed 
the cover and we inserted the package, 
making no attempt at explanation, as the 
attendant did not understand much Fng- 
lish. Jt seems that after we left, he raised 
the cov^er of the incinerator, and, looking 
into tiie fierv furnace, saw our varnished 
cambric unwrap itself, revealing the 


rvould not use the mixture of rays which 
the tube gives, but would take monochro- 
matic radiation of a wavelength dependent 
on the thickness of the part to be roent- 
genographed; but that, not having this 
choice, he must be content with that 
mixture of rays coming from the tube 
w'hen operated with the voltage which 
gives the desired contrast. Increasing the 
breadth of the spectrum used, by making a 
part of the exposure with low voltage and 
the rest with high, did not help. 


Fie/S Currents 

It appeared early in the course of our 
work that if cathode and target w'ere 
brought very close together, or if there were 
a sharp point on the cathode, a high voltage 
discharge could take place even from a cold 
cathode and in the highest attainable 


vacuum. 

In poorer vacua a similar effect had been 
observed and described by H. A. Rowland, 
N. R. Carmichael and L. J. Briggs and hi 


.. W. Wood. 

Upon learning that electrons could ne 
ulled out of a cold cathode even in the 
ighest vacuum by means of a high po- 
aitial gradient, the question arose as to 
hether a tube based upon this principle 
ight not, because of the greater simpbeiq' 
volved in the control equipment, be more 
tractive than a hot cathode tulic. 
Extensive efforts which we mculc nt t le 
Tie, iiowever, as well as all siilisequcaf 
periencc. have home out the conduswn 
cn reached that such a discharge is not 
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sufficiently stable. Nor does it offer the 
great flexibility of the hot cathode tube 
permitting independent control of mil- 
liamperage and kilovoltage. 

Multi section Tubes 

Not only did we decide not to make use 
of field currents but it soon developed that 
we must take steps to avoid them, as they 
otherwise set a limit to the voltage which 
a tube could support. For operation at high 
voltage we found it helpful to avoid sharp 
edges and corners on the electrodes and to 
space them well apart. Even with tliese 
and other precautions, however, it proved 
difficult to get above a few hundred 
thousand volts until we liit upon the ex- 
pedient of grading the potential by means 
of auxiliary electrodes. The resulting cas- 
cade tube made it possible to avoid field 
current limitations, and so to build tubes 
for any desired voltage. 

Radiator Tube Developed for World War I 

World War I brought interesting ex- 
periences in connection with the develop- 
ment of roentgen-ray equipment. For use 
near the front it was clearly desirable to 
have a simple self-contained and depend- 
able generating outfit of adequate power 
and maximum portability. It was ob- 
viously desirable to eliminate if possible the 
mechanical high voltage rectifying switch 
which was in general use at the time. This 
was before the days of the kenotron but was 
still possible if we could develop a hot 
cathode roentgen tube which could be 
depended upon to rectify its own current. 
To meet this requirement it was imperative 
that no part of the focal spot should ever 
reach the temperature at which appreciable 
thermionic emission would take place, as 
this would lead to electron bombardment 
of the cathode filament raising its tempera- 
ture and causing run-away with consequent 
destruction of the tube. One factor was 
very favorable — the amount of available 
energy was going to be definitely limited 
by the capacity of the gasoline-electric 
generator. The “Universal” tube with its 


solid tungsten target would have been safe 
for occasional use, starting with a cold 
target, but not for the very frequent use 
Avhich the war service required. These 
considerations led to the development of 
the “Radiator” tube with its composite 
target, heavy copper stem and external 
radiator for rapid heat removal. The 
target itself was that which had been 
developed earlier for the gas tube, but 
much experimentation was required before 
we were able to free the large mass of 
copper sufficiently from gas. For roentgen- 
ray protection, a heavy two-piece lead- 
glass shield was developed to completely 
surround the tube. This tube and shield 
served for both the United States Army 
Portable and Bedside outfits. 

Power Plant for United States Army Portable 
Outfit 

1 knew of no light weight gasoline- 
electric set suitable for the power supply 
of the Portable outfit. It seemed possible 
that a motorcycle could to advantage be 
used as a highly portable power supply 
and belted to an electric generator at the 
point where roentgen rays were required. 
Through the courtesy of the Indian 
Motorcycle Company, 1 was provided with 
a motorcycle and on it I took my first mo- 
torcycle ride. One experience was enough 
to satisfy me that this was not the Avay 
to treat the roentgenologist. 

Through the application of tungsten 
contacts in the automobile ignition system, 

I had become acquainted with Charles F. 
Kettering, then of the Delco Company, 
and this connection suggested the one- 
kilowatt house lighting set of that com- 
pany. This was a light weight, 32 volt, gas 
engine driven, direct current generator. 
We needed an alternating current genera- 
tor and, for ready adaptation to a high 
voltage transformer which we had found 
already in production by the Victor X-Ray 
Company, we required 115 volts. The 
Delco Company obligingly made changes 
required in the generator, but the engine 
did not respond well to having the full 
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roentgen load thrown suddenly upon it. 
So I asked for Dr. Kettering’s personal 
assistance. He generously came to Schenec- 
tady and spent a whole week with us in so 
modifying that engine that it would 
promptly accept the suddenly applied load. 

Adaptmg the Roentgen-Ray Generating 
Equipment to the Table 

Dr. John S. Shearer, then professor of 
physics at Cornell University, had as- 
sumed the responsibility for the design of 
the “Portable” table and he cooperated 
closely with us in harmonizing table and 
roentgen-ray source. 

Packaging for Ship7nent of Tube to the 
War Zone 

Shipment of the tube caused us much 
worry at first. Our experience was all in 
favor of a light weight, open-work crate 
permitting the handler to see the glass, and 
so making him constantly aware of its 
fragility. But Army shipping instructions 
called for a solid crate suspended from the 
corners of another solid crate and we were 
told that the tube so packed must stand 
dropping from a dray onto a stone pave- 
ment. We found that our tubes would stand 
this treatment, but, in the first lot shipped 
abroad in this way, 40 per cent were 
broken. We were then permitted to use our 
fragile open-work crates and, when shipped 
in this way to the war zone, only i per cent 
were broken. 

Develop}?ient of Oil h} 2 ?nerjed Equipjnent 

The fact that the hot cathode tube could 
be made ven' small, especially for oil 
immersion, and could rectify its own 
current and had a long life and did not need 
to be seen during operation, made it seem 
very attractive for installation in tiic same 
metal container with the transformer 
serxdng as the source of high voltage. In 
this way it was easy to secure excellent 
roenttren-ray protection, as well as protec- 
tion from electric sliock. Many small 
outfits of this type have been used for 
dental work and other purposes, while 
iaraer ones have been used for therapy. 


Induction Coil Development 

In connection with our work on what 
might be called a glorified Lenard tube, 
we had tried to develop the induction 
coil for very high voltage. Using a mercury 
turbine interrupter for tlie primary current, 
we had succeeded in getting up to 900,000 
volts. The difficulties, however, increased 
rapidly with voltage and it looked very 
difficult to go much higher by this method. 

Break in My Active Experimental ITork 

In 1932, when I became director of the 
Laboratory, Dr, E. E. Charlton was made 
head of our roentgen-ray section and, ably 
assisted by W, F. Westendorp and others, 
still holds that position. Since then I have 
been able to devote much less time to this 
field, but have had the privilege of being a 
very interested observer. 

The Resonance Transformer and the i and 2 
Million V olt Outfits 

My earlier experience with the induction 
coil and other high voltage .sources has 
made me very appreciative of the low 
frequency resonance transformer developed 
by Mr. Westendorp. This required no iron 
in the center, thus permitting the roentgen 
tube to be placed there where it would be 
electrostatically shielded by the trans- 
former and where the connections between 
tube and transformer \vould be very short 
and also completely shielded. 

Jt has been very interesting to watch the 
development in Dr. Charlton’s section of 
the I and 2 million volt roentgen outfits 
employing the resonance transformer and 
compressed gas insulation. By this method 
it looks practicable to go still higiicr fo 
perhaps 4 or 5 million volts and witi 
several milliampercs of current, 

yV/c Betatron 

It has also been a pleasure and a privilege 
to watch the dcv'clopment of the betatron. 
After Dr. I). W. Kerst, working at the 
University of Illinois, had built a succes- u 
small machine, gi'dng 2.3 millfon vo^ 
roentgen rays, he prorxircd a leave o. 
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absence from the University and joined 
our research staff for over a year. While he 
was here, with the help of Dr. Charlton’s 
group, a larger machine embodying the 
same principles was designed and built. 
This operated satisfactorily at 20 million 
volts. We have since then built a still 
larger machine of the same t}'pe which 
gives roentgen rays of any voltage from 2 
million up to 100 million. The fact that 
it has been possible to go so directly from 
Dr. Kerst’s first machine to one giving 
over forty times the voltage would augur 
well for future further advances in this 
direction. 

Sig}iijica 7 ice of Rdiitgoi^s Discovery 

During the past fifty years the roentgen 
rays have indirectly greatly extended our 
vision. Our eyes respond directly to a 
region of the spectrum which is only one 
octave in length. The rays were first 
produced by Rdntgen at perhaps '25,000 
volts. Through the years we have gradually 
worked up to a few million volts and now, 
with the betatron, to 100 million volts. 
In the other direction we have gone down 
to as low as 1,000 volts. The roentgen 
spectrum available today then covers a 
range of more than sixteen octaves and 
indirectly extends our vision to this extent. 

The roentgen rays have shown us the 
relation between the various chemical 
elements. They serve as a means of chemi- 
cal analysis. They enable us to measure 


the distance between the atoms in a crystal 
and so to determine crystalline structure. 

They perform an invaluable service in 
medical diagnosis and are a powerful 
therapeutic agent in the treatment of 
human ills. 

They occupy a rapidly expanding place 
in industry, where they are used to show 
cavities and foreign inclusions in structural 
and other materials, to indicate whether 
vital internal parts of a structure are 
present and in proper position, and re- 
cently as a thickness gauge which does not 
require contact with the part to be meas- 
ured. 

The very low voltage roentgen rays are 
used in microroentgenography as a means 
of studying the composition of very thin 
metallic specimens and to reveal structure 
in delicate botanical and zoological tissues. 
They may be used to produce genetic 
changes in plants and animals. 

Lastly, and to the physicist most impor- 
tant, the roentgen rays have perhaps more 
than any other single agency advanced our 
knowledge of the structure of matter. 

At the close of these rambling reminis- 
cences I take the opportunity to acknowl- 
edge the help and the pleasure which I 
have derived from the close association 
which I have had through the years with 
the many doctors, dentists, physicists, 
industrialists and others interested in the 
various uses of roentgen rays. 
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EARLY AMERICAN ROENTGENOGRAMS 

By Oll'O GLASSER, I>h.D. 

Cleveland Clink Foundation 
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''^HE question, “Who made the first 
x-ray picture in the United States after 
R-Ontgen s announcement of the discov- 
eryr” has frequency been raised but ne\’’er 
conclusive]}' answered. Intimately related 
to this question is another: “When did 
news of the x-rays reach the United 
States?” 

Although Rontgen made his first ob- 
servations on the effects of a new kind of 
rays as early as November 8, 1895, 
talked with no one about the discovery 
until he handed his first “preliminary 
communication” to the secretary of the 
Wurzburg Physical Medical Society, De- 
cember 28, 1895. New Year’s Day, 1896, he 
mailed to certain colleagues reprints of this 
paper together with copies of his first 
x-ray pictures. Because of the enthusiasm 
of some of these colleagues, word of the 
sensational discov'ery quickly reached the 
newspapers, the first report appearing in 
the Sunda\' edition of the Ah'enna Ptrsse^ 
Januar}' 5, 1S96. The next day the news 
spread to all Continental papers and was 
cabled throughout the world: 

The noise of u'ar's alarm should nor disfracf 
artenrion from rhe marvelous triumph of science 
which is reported from ^fie^na. Jt is announced 
tliat Prof. Rontgen of the U'ur/hurg Univer- 
sity has discovered a hghr which for flic pur- 
pose of photography will penetrate wood, 
ciftth, and most other organic substances. 


Thus, American papers printed news of 
the discovery at the same rime, or even 
before, it appeared in Hdntgcn’s home- 
town newspaper, the // ilrzhnr'^cr finicrul 
Anzdyyr, January 9, 1896. 'Die Clndnnd 
Plain Dealer, for c>:am]de, printed an 
editorial on the new rays January 9, 1^9^: 

An Austrian proJe'-'^-r sai’- <u^C'>'.‘ercd u ngnt, 
which “make-' fight” of the rme; fpuauejd)- 

structioti ro tIw pfvRfgrapific ten- , and cnaok- 

him phot*, graph {hoa.'d mefJ 'dgcctT -Mrii a 


>0 


draped camera without a trace nf the interven- 
ing Wood and cloth, and broken .arms, .arid bul- 
lets in the human body withf^m evidenev of the 

concealing flesh or skin Jt h a dneisLir 

story, but vouclicd for and exfilained hv tin: 
use of certain rays which perietr.ifc orc.mir 
matter and other opaque subst.ance just ;d <,t. 
dinarv rav-s penetrate glass. 


Yithin the next Jew weeks numerous 
papers, journals, and magazines published 
more detailed descriptions. Workers in 
many laboratories equipped with induction 
coils and evacuated glass tuhes of the 
Hittorf-Crookes type reproduced ih'inr- 
gen’s results. Just whicli one was (he first 
to do so is uncertain. 

Richtmyer in a report to Scienee, 
made the following statement: "It is 'aid 
that within forty-eight hours after .Ameii- 
can newspapers liad printed the cahk- 
dispatch reporting the discovery of x-rays, 
at least six x-ray photographs had hein 
made in laboratories on fids side ot flit- 
water,” A thirteen year study of aviclaMe 
information has failed to reveal Atncra'an 
roentgenograms definitely dated early j:vn 
uary, 1896, or otherwise inconre.-.taidv 


identified. 

Statements to the contrary nnot ce 
considered doubtful. One of (he best kno'-'n 
was made l)y .M, I. Pupin in "Uo-’i 
Immigrant to inv-entor:” “I fsbtmneit tev 
first x-ray jilioiograph in An5«:r;*a 
January 2, 1896, two v.cck' jUtcr t:w 
discovery was imnounccvi in (tcocany. 
Since rhe discovery was nor an;c^m! 
until early January in Oemy-uyv mu'; 
not caldeai to America until J.'inn, -; F 
and since cable mes'am ' rct-eHr.,- -e 
United S?.'irc« !)ciorc irir-- /'ky- j ’' ' 
nf> advruK'c mforufat.’on, 1 ^ *c 

Decendmr ix, for further 

on hi'- curb- rfwfir;'vn-r;v 


If 


-weroi: 
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The first news of the discovery of x-rays was 
sent to me by a friend, a physicist in Germany. 
I also saw an announcemeirt of the discovery 
in one of the New York papers- All this hap- 
pened several days prior to January i, 1896. 
I have no records to prove this; nothing but 
memory. I liave no copy of ni}' first x-ray pic- 
ture, and I do not believe that it is possible to 
obtain one. ... I am sorry that I cannot help 
you out with more definite information. But 
experimental data obtained in my laboratory 
so long ago are not likely to be recorded any- 
where. I never had the habit of keeping data of 
a certain piece of experimental work after the 
work was finished and published. 

“Roentgen Rays,” Pupin’s first report 
on his experiments, was written February 
8 and published in Science (Vol, 3, p. 231) 
ior February 14, 1896. It seems very likely 
that Pupil! made his first x-ray picture 
February 2 instead of January 2 which was 
approximately “two weeks after the dis- 
coverv was announced in Germanv.” It is 

* 0 

entirely possible, however, that Pupin’s 
roentgenogram was one of the first made 
in the United States, 

Similar uncertainties cloud other reports 
of early roentgenograms in this country. 
This situation is complicated by the fact 
that the first x-ray photograplis were made 
by physicists and photograpliers. Some 
veeks passed before physicians availed 
themselves of this new diagnostic method, 
let naturally, from their point of view, 
they considered their efforts with the 
newly discovered rays the earliest ones. 

Historical study indicates that the ear- 
liest roentgenograms in the United States 
and Canada were made by the following 
scientists: F. Cajori of Colorado College, 
Cox of McGill University in Montreal, 
T. A. Edison and his assistants, E. B. 
Frost of Dartmouth College, D. W. 
Hering of New York University, A. W. 
Goodspeed of the University of Penn- 
sylvania, T. J. Houston, E. C. Jerman of 
Chicago, A. E. Kennelly, E. Merritt and 
G. S. Moler of Cornell University, D. C. 
Miller of Case School in Cleveland, C. L. 
Norton of Boston, M. I. Pupin of Columbia 
University in New York, Dr. Henry Louis 


Smith of Davidson College, J. P. C. 
Southall of Miller Training School of 
Albemarle in Piedmont, W. M. Stine of the 
Armour Institute of Technology, J. Trow- 
bridge of Harvard, and A. W. Wright of 
Yale University. 

While collecting material for my Rdnt- 
gen biograpliy, I had the good fortune to 
have advice and information from many of 
these early American roentgen-ray pio- 
neers. Nothing illustrates better their in- 
terest in the new discovery and their 
diligence in working it out than quotations 
from their original letters. These state- 
ments also throw light on the difficulty of 
determining who took the first roentgeno- 
gram in the United States. 

F. Cajori of the University of California 
claimed that he and a colleague were the 
first in Colorado to show roentgen-ray 
effects. On January 12, 1930, he wrote: 

As I remember, the news of the discovery of 
x-rays reached me in Colorado College, just as 
I was completing the MS to my “History of 
Elementary Mathematics,” December, 1895. 
I remember taking the MS on my bicycle down 
to the express office, and, tiie same evening 
starting in with my good friend. Professor 
William Strieby, to try for x-rays. I had at 
Colorado College a fairly good Ruhmkorff coil 
and a fe!v Crookes tubes. We got some shadows 
of vegetable substances that evening, which we 
were inclined to consider due to other than x-ray 
effects. The next day we got the first shadows 
from metallic plates. . . . We were the earliest 
in the State of Colorado to show the x-ray ef- 
fects. 

Records and publications proved that 
Henry W. Cattell of Philadelphia worked 
with roentgen rays as early as February 
1S96. On December 21, 1929, he wrote: 

My work was sent out first by associated 
press dispatches, before being published in 
February, 1896, in the Medical Nevjs and in the 
International Medical Magazine. I have my first 
records. 

In a second letter, February 5, 1930: 

I coined the words skiagrapli and skotograph. 
... I had, as far as I know, the first portable 
x-ray outfit in America; I went to Queen’s and 
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bought up all the Geissler and Crookes tubes 
they had, and my first exposures seen in the 
Medical IVezes of February 15, 1896, took 
twenty minutes to half an hour. 

In a third letter, April i, 1933; 

I still have the things that I had in my port- 
able x-ray apparatus in January, 1896.... 
When I made the skiagraphs in January, 1896, 
I had never seen a Roentgenogram, and nat- 
urally they arc very crude. 


William FI. Dieffenbach of New York 
wrote on January 8, 1935, that a roentgeno- 
gram of his hands was the first taken in 
the United States: 

In January, 1896, I was a student with Dr. 
William Hardcy King who had a large static 
machine in his office. When 1 called his atten- 
tion to an article in the Literary Digest of 
January, 1896, telling of Rontgen’s new dis- 
cov'ery, Dr. King secured a Crookes tube and 
hitched it to the static machine and tested out 
the radiation on my hands — exposing same for 
several minutes. I had the plate developed at a 
nearby photographer’s, and this was, 1 believe, 
the first plate taken in the U.S..'\. The date is 
fi.xcd in my mind as the middle of January, 
1896. 


Edwin H. PVost of Dartmouth College 
began his experiments with roentgen rays 
the last of January, 1896. On January 24, 
J930, he wrote: 

On the basis of fragmentary news that was 
published in American newspapers by cable 
from Germany, I began experimenting in the 
Phvsica! Laboratory of ] 3 arrmouth College in 
the' last days of January, 1896; but I cannot 
now state positively whether my first picture 
was obtained on Saturday, Januurj,' 24, nr 
Febrviary i. I had my article for .Science fin- 
ished on b'ebruary 4, and it was published ten 
davs later, along with articles by M. L Lupin, 
and A. W. Cioodsjiced, v;hn‘:e papers arc dared 
four <lays later than mine. 


in a Cornel! University museum, Ik 
Merritt discovereti evidence of his early 
work in roeiugcn A letter from him 

on .September zb, KjZcjy snttes: 
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in /lUr department rruveunt three eat.) 


ptepare-. 


tv.vi rrmuc 


.Ic In' P 


rate*- 
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and one by myself. Those made in- Prou.^-.- 
Moler are shadow pictures of varams ve.nvJ nh. 
jecfs like keys and chains which ijad been placed 
inside of a pastcltoard box .-uid then phof,!! 
graphed. Our records do not sho'.v the esacf 
date, hut Professor MoJer laid H-rittcn on the 
back of them that they were taken after the 
news was received of Rdutgen’s drsci)vcrv, Un 
before Rdntgen’s first pictures had arrived. 

Dayton^ C. iMilier of Case School of 
Applied .Science realized that his early 
roentgenograms were not dared and cannot 
be claimed as the earlic.st ones. He said on 
February 20, 1933: 


Jn January, 1896, cabled news appeared .m- 
nouncing Rdntgen’s discov’cry of the x-rays. 
The PIn'sical Laboratory of Case Schf»tl Ijad 
purchased the complete set of Crookcc tuhc' 
which had been exhibited by tlie firm of (Jci.vdcr 
of Bonn, Germany, at the World's Colunihina 
Exposition, Chicago, 1893, Ifxpcrimcnts were 
begun immediately, .and several ttihes acre 
found wliich produced x-rays, . . . We fir.^t ‘UU'- 
ceeded in photogr.iphing sonte inanimate "h- 
jects. 'Dicn wc photographed the b.miL 
Mrs. Miller, and this was puhlished in the tu-W'- 
papers. Wc think that this picture wa:. the fir-t 
one in this part of the country, hut let me s.ty 
tli.'ir it was perhaj's taken in the same vevk a- 
pictures taken at Columbia University, Ltu- 
versity of I^ennsylvania, Howdoin College, Am- 
herst, Harvard, and many other place*.. Many 
of these early pictures were not dated ‘-o th-'C 
they cannot claim to he tlie earlics! one. 


Yet P. C. Southall of Coiumimt Unicc 
sitv claimed that Itis were the first rourtt 


'cnograms made in titis country. 
Accemher 20, 1929, he wrote: 

In the year 1895 I w.as the head of the 
)artment of Phy.sicb .and Marhemafk-. a? 
riiller Manual Training Hrho/.l 
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icdmonf, \'irg!nia. I h.ad a iR-aurdul mS; 


kofe.’-a.or Rdntgcr,’’-- liiovovcry 
iiis country. I read an 


leW'-pape.e-, and .a day or t -vo 
:cedtd if5 oinairdne x-rriy r.ols-crap 
ind a b’.uic^’ '‘f krv*. .'i*-- 
verc the .fit'? x-ray 
nadc ir; th:-. c-nm 


‘ t', • 
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■>f Crookes tubes .nnd every iatnisy he c 
■liis kind of work, ulsen a v.ur.'-ver 
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W. M. Stine of Pennfield, Pa., in a letter 
of July lo, 1930, told of the success of his 
colleague, A. A. A. Atkinson: 

As I was resumiiig my experiments for the 
third time, there came the news o\ Rontgen’s 
discovery. ... I lost no time in sending to my 
successor at the Ohio University at Athens, 
Professor A. A. Atkinson, precise directions 
for setting up the apparatus exactly as I ‘had 
had it for my first experiments. He explicitly 
followed my directions and was immediately 
successful. 

Experiments were begun by D. W. 
Hering of New York University the first 
of February, 1896. He wrote on December 
24, 1929: 

New York University was fortunate in pos- 
sessing a fine set of Crookes tubes, such as were 
then supplied from London for the repetition 
of Professor Crookes’ remarkable experiments 
with cathode discharges in high vacua, but our 
only means of exciting them were an induction 
coil producing a spark of scarcely three inches 
in air and a good Toepler-Holtz plate machine 
giving a spark of six to eight inches. ... I be- 
gan experimenting about the end of January or 
the beginning of February, 1896, and began to 
get pictures in the first week of February. 

C. C. Hutchins of Brunswick, Maine, 
made and used roentgen-ray tubes of his 
own soon after news of the discovery. This 
he reported in a letter of December 20, 
1929: 

As soon as the neAvs of the discoA’^ery reached 
America I OA'^erhauled my collection of Crookes 
tubes, selected the most suitable one and there- 
with made a photograph of a single finger of 
Dr. G. M. Eliot, a local physician. There hap- 
pened to be in my laboratory a A^ery good mer- 
cury pump, and I happened to be a pretty good 
glassbloAver, so I set to Avork on x-ray tubes of 
my oAA'n, Avith success from the first. ... As I 
noA\‘ remember I had these tubes in use inside 
of tAvo Aveeks of the arriAml of the neAvs of the 
discoA’^ery. 

The shipment of a Crookes tube held up 
Ed C. Jerman’s experiments. As he said on 
August 29, 1930: 

When Rontgen’s paper AA^as broadcast to the 


AA'orld the latter part of December, 1895, ^i^d 
during January of 1896, first through the lay 
press and quickly folloAA'^ed by the scientific 
press, I quickly found that I had all the equip- 
ment necessary for producing the x-rays except 
a Crookes tube. I finally succeeded in getting 
a Crookes tube, imported through Oelschlaeger 
of NeAv York. I receiA^ed tliis tube in March, 
1 896, and my first successful exposure Avas made 
AA'ith a small Pattee tAA‘o plate static machine. 

A. E. Kennelly of Harvard University 
studied the neAv rays Avitli Edison in 
January, 1896. On December 26, 1929, he 
wrote: 

When the neAA^s of the neAv roentgen rays 
reached America by cable early in January, 1896 
Mr. Edison took up their study, and invited me 
to see some of his experiments at his Orange 
laboratory. I spent from January 27 to Febru- 
ary 2, 1896, Avith him. . . . Professor Houston 
and I had already repeated in a crude fashion a 
feAv of the Rontgen experiments, as announced 
by cable, in our laboratory at Philadelphia, us- 
ing an induction coil and a feAv Crookes tubes 
that AA'ere purchasable in Philadelphia. We had 
obtained x-ray pictures on ordinary photo- 
graphic plates of coins, keys and similar ob- 
jects. 

R. H. Lafferty of Charlotte, N. C. 
A'-erified his early experimentation Avith 
roentgen rays by a print from his first plate. 
In a letter of June 18, 1931, he said: 

Osmond Barringer, Eben Hardie and Pender 
Porter of DaAddson College, on Sunday night, 
January 12, 1896, slipped into the laboratory 
and anade a picture on a kodak plate. It I'equired 
about three hours’ exposure. . . . The only cor- 
roboa-ation that I haA'^e of the date, January 12, 
1896, is: first, that I recall the event as coming 
quite soon after our a'eturn froaii our Xmas 
holidays; second, I do not have the plate that 
Avas anade but did haA'^e the priait froaaa Avhich a 
cut Avas anade; on the back of this Avas the date, 
January 12, 1896. This plate is noAv in the Ar- 
chiA'-es of DaAudson College. 

W. H. Meadowcroft of Orange, N. J. 
reported that Edison began experianents 
immediately. On January 25, 1930, he 

AATOte: 

Mr. Edison opened your letter and asked ane 
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to say to you that within two days after the 
original announcement of Dr. Rontgcn was 
cabled over from abroad, he, Mr. Edison and 
his assistants commenced experimenting along 
the lines indicated in the cable from abroad. In 
four days Mr. Edison had achieved the .same 
results. 

A. W. Goodspeed of Philadelphia claimed 
accidental discovery as early as 1890. In 
his letter of February 15, 1929, he wrote: 

My early articles on “Roentgen Rays and 
their Applications” were published in the Pro- 
ceedings of the American Philosophical Society 
in January, 1896, and in Science, February 14 
and March, 1S96. 


Dp.cr.MBnR, 1945 

The accidental roentgen rays’ effect which 
W. N. Jennings of Pliiladelphia and 1 produced 
in 1*890 was real and authentic. Because of our 
laxity in not following the matter up we do not 
claim any credit whatever but the facts are as 
stated in such articles as you may have read. 

It seems to be impossible to state with 
certainty who took the first roentgenogram 
in the United States. However, this 
question becomes .somewhat academic in 
view of the tremendous interest with which 
Rontgen’s discovery was received and 
quickly repeated in many laboratories in 
this country. 


Otto Glasser 




THE ROENTGEN EXAMINATION IN OCCUPA- 
TIONAL DISEASES OF THE LUNGS 
A HISTORICAL DISCUSSION OF ITS USE* 

By EUGENE P. PENDERGRASS, M.D. 

PHILADELPHIA, PENNSYLVANIA 


P NEUMOCONIOSIS is a generic term 
used to describe all forms of pulmonary 
reactions to dust lodging in the lungs. 
These changes may or mav not be demons- 
trable by the roentgen examination. Other 
terms such as siderosis and anthracosis are 
special names which serve to indicate the 
lung condition occurring in certain indus- 
tries (iron and coal mining). 

It is generally conceded tliat the roent- 
gen examination of the chest, carefully 
done, is the most precise method at our 
command for demonstrating physical shad- 
ows of pathological changes in the lungs 
produced by some dusts. Unfortunately, 
there are many other conditions that pro- 
duce shadows in the roentgenogram which 
may simulate some of the various shadows 
found in pneumoconiosis. I always have 
regarded the roentgen examination as a 
consultation, and used as such it is likely 
to be more valuable. It, therefore, beliooves 
those of us Avho utilize chest roentgeno- 
graphy to consider all of the various lesions 
that may produce lesions simulating pneu- 
moconiosis before arriving at a diagnosis; 
otherwise mistakes will be made. 

In a review of tlie literature on pneumo- 
coniosis from 1895 to 1899 I found only one 
article in which roentgenography was em- 
ployed. A French physician, Oddo,^^ re- 
ported a case of anthracosis in a male, aged 
fifty -eight, in whom a roentgen examina- 
tion of the chest showed multiple shadows 
m both lungs (sclerose pulmonaire) which 
were interpreted as antliracosis. An autopsy 
substantiated the diagnosis of antliracosis 
(Fig. 1). 

In preparing this historical review, I have 
had occasion to peruse essentially all of the 
early English, German, and French radio- 
logical periodicals. Many of these were on 


general subjects but I was impressed with 
the comparatively few publications on the 
roentgen diagnosis of conditions involving 
structures within tlie thoracic cavity. This 
was not true of the American literature, 
however. The early publications of Will- 
iams, Caldwell, Newcomet, Crane, Kassa- 
bian, Hulst, and many others, were most 
noteworthy. The most comprehensive trea- 
tises on the chest were probably those of 
Crane and Williams, and it would be most 
stimulating and enlightening for all radiolo- 
gists to search out the publications of these 
and other authors in order to learn how 
careful were the observations in tliose early 
days of our specialty. 

In Williams’ book, “The Roentgen Rays 
in Medicine and Surgery,” he devotes 
eleven chapters to the chest, excluding the 
esophagus. There are 757 pages in his book, 
and 297 pages are allotted to chest diagno- 
sis. When one looks at more recent publica- 
tions, one cannot but admire the foresight 
of Dr. Williams. The chapters devoted to 
chest diagnosis are as follows: 

Chapter iii. Methods of Diagnosis. Will- 
iams discusses the use of the fluorescent 
screen and the roentgenogram. 

Chapter iv. Introduction to the Thorax. 
In this chapter he discusses the appearance 
of the heart, the lungs, and the diaphragm 
in tlie healthy chest. 

Chapter v. Pidmonary Tuberculosis. This 
is a long chapter devoted to the diagnosis of 
early tuberculous lesions and the compara- 
tive value of the fluorescent screen and 
roentgenogram in diagnosis. He calls atten- 
tion to the value of making roentgen exam- 
inations from time to time in persons from 
fifteen to thirty years of age if tliere is a 
family history of tuberculosis. Williams 
stated: “In this way, . . . early warning 


* From the Department of Radiology, Hospital of the University of Pennsylvania. 
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Fig. I. Illustration taken from Oddo/^ published in 1899, showing what he described as “sclerose 

pulmonaire” in a case of anthracosis. 


would be given, and the best opportunity 
for its arrest obtained.” He called attention 
to the greater accuracy of the roentgen 
examination over that of auscultation and 
percussion, and the frequency witli which 
the roentgen diagnosis was confirmed by 
autopsy. He discussed acute and chronic 
tuberculosis, tuberculosis complicated with 
other diseases, tuberculosis with effusions 
and cavities. 

In the concluding paragraph of this 
chapter Williams makes die following 
statement: 

All who are experienced in making physical 
examinations of the thorax recognize the neces- 
sity of controlling one method of examination 
with another. Not infrequently we understand 
best the conditions present, as just suggested, 
by taking into consideration the information 
obtained from inspection, percussion, and aus- 
cultation together, and if we fail to do this we 
may err in our diagnosis. Hie x-rays give an- 
other and valuable method for controlling die 
results obtained in other ways, and also add to 


them. We may, by tlieir use, not only control 
one method by another, but with the eye siiji- 
porting the ear we also control one sense with 
another. 

Chapter vi. Piieuiuonia. Williams, in 
pneumonia, as in tuberculosis, used the 
roentgen examination of excised lungs as a 
basis for developing his diagnostic criteria. 
Frequent examination -with drawings of 
screen observations demonstrated the pro- 
gression and regression of the lesions. 

Chapter vii. Emphysma of the Lungs. 
Bronchitis. 

Chapter viii. Pleurisy with Effusion, 
Emphysema. 

Chapter ix. Hydrothorax. Pneumothorax. 
Empyema with Permanent Opening. Pneu- 
mohydro- or Pneumopyothorax. 

Chapter x. Normal and Abnormal Heart. 
This is a magnificent discussion and the 
author emphasizes the value of following 
the results of treatment by roentgen exam- 
ination. 

Chapter xi. Thoracic Aneurisms. 
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Chapter xii. New Growths. Enlarged 
Glands. Abscess and Gangi-ene of Lung. 

Chapter xiii. Conclusion of Thorax. 

I feel quite sure tliat the relative rarity 
of the clinical suspicion of pneumoconiosis 
and other occupational hazards and the 
frequency of tuberculosis in Boston ac- 
counts for the lack of consideration given 
by Williams to the subject of pneumo- 
coniosis. 

Among the foreign authors in this period 
who had contributed to the advancement 
of chest diagnosis by roentgen methods, 
Bouchard, Beclere, Benedikt, Rieder and 
Rosentlial, Le’\’^'’-Dorn, and Weinberger 
are especially notewortliy. 

During tlie period of 1910-1920, the de- 
velopment of thoracic roentgenology was 
marked by increasing use of stereoroent- 
genography.® Concerted efforts were made 
to classify and standardize the shadow- 
complex of various lesions, especially tuber- 
culosis. It was during this period that 
Rieder and Rosenthal, Entin, Boardman, 
Pancoast, Miller and Landis, and Lanza 
and Childs recorded tlie roentgen mani- 
festations of pneumoconiosis. 

Since 1920, many publications have ap- 
peared describing the roentgenopathologic 
manifestations of lesions in the lungs result- 
ing from occupational hazards. 


Bust. While the physical and chemical 
laws which control gases are accurately 
known, the physical properties of the vari- 
ous kinds of dust which constitute indus- 
trial dust are far from being defined. There 
are many classifications of dust recorded, 
but I shall include only two. 

Thompson classified dusts as {a) insolu- 
ble inoiganic dusts (irritating the respira- 
tory passages), such as flint, silica, sand, 
carbon (coal, soot), brick dust, marble, 
granite, terra cotta, cement, asphalt, ena- 
mel, glass, quartz, lime (gypsum, plaster), 
meerschaum, phosphate (fertilizers), guano, 
emery, diamond dust, metal filings (lead, 
brass, iron, steel, etc.), pumice, and ashes; 
{])) soluble inorganic dusts (apt to be swal- 
lowed and absorbed), such as soluble ar- 
senic, mercury, lead and silver compounds, 
metal filings of lead, brass, and zinc; (c) 
organic dusts and fibers arising from han- 
dling or manufacture of wood, bone, and 
shell, from fur, skins, hides and leather, 
featliers, brooms and straw, flour and grain, 
jute, flax (linen), hemp, cotton, wool 
(worsted, etc.), tobacco, felt, carpets, rags 
and paper, horsehair, and street sweep- 
ings. 

Schurmann®^ differentiated dust, accord- 
ing to origin, into animal, plant, and min- 
eral dust and dust from the artifacts. 


SOURCES OF DANGER 

Gases}^ In various industrial operations 
a number of gaseous products are used or 
liberated, which may have an injurious 
effect on tlie respiratory apparatus. Among 
otliers are the halogens (chlorine, bromine, 
iodine) and their combinations with hydro- 
gen (hydrochloric and fluorhydric acids), 
sulfureted hydrogen, ammonia, chloride 
of ammonia, nitric acid and the so-called 
nitrous” fumes, sulfur dioxide, phosgene, 
acetic acid, formaldehyde, acrolein, and 
fumes from smoke. These same gases, as 
well as such intermediary products as cyan- 
ide of phosgene, fluorine of dimethylarsine 
and of diphenylarsine, and sulfide of di- 
chlorethyl, are chiefly met with in war gas 
factories.”® 


Animal dust is evolved with the working of 
ivory, horn, whalebone, bones, mother-of- 
pearl, hides, leatlier, bristles, sheep’s wool, 
hair (horse, rabbit, and cow), and featliers- 
plant dust has its origin in industries work- 


uig vYiui giciiii, lucuioai powaers, spices 
cotton, hemp, jute, flax, tobacco, wood,' 
thick-shelled nuts, bark of plants (tanning 
industry), rags, shoddy, and paper; min- 
eral dust is formed in the working of hard 
coal, marble, and other limestones and in 
connection with clay and porcelain indus- 
tries, also pumice, sandstone, granite and" 
slates; dust from artifacts is found in the 
glass, glazing, enameling, tile, cement, 
Thomas slag celluloid, iron, steel, bronze 
galahth, and lead-alloy industries anW • 
the chemical (especially dye) industn ft 
defined mixed dust as a mixture of pofcl 
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ing materials and the fragments of the ob- 
ject being polished. 

Drinker states that these classifications 
are without much practical importance, 
since in daily practice in industry the harm- 
ful effect is exercised more frequently by 
dusts mostly of mixed origin. Besides, what 
is most important is the physical and 
chemical constitution of the dusts and con- 
sequently their action on the system. An 
effort has been made to group under the 
heading ‘"inert” a certain number of dusts; 
the number, however, is becoming more 
and more reduced since certain dusts, such 
as talc and asbestos, until recently consid- 
ered as inert nevertheless have caused seri- 
ous organic lesions among certain classes of 
workers. The majority of experts admit 
that the so-called “inert” dusts are not 
really inert when considered from the 
pathogenic point of view. Although at the 
outset they are not harmful and even when 
present in the workroom in large quantities 
some of them cause only transitory discom- 
fort (sneezing, watering of the eyes, cough), 
it is certain that as the organic reactions 
diminish and the system seems to have re- 
covered from the effects, they nevertheless 
finally attack it in a subtle manner, some- 
times even seriously. The mucous mem- 
brane of the nose, the conjunctiva, and 
first the upper and subsequently the lower 
respiratory passages, the teeth, the skin, 
and often the digestive tract are subjected 
to the harmful action of these dusts. 

With the development of new industrial 
processes new dust hazards present them- 
selves; thus it behooves the industrial 
physician, the experimental physiologist, 
the chemist, the experimental pathologist, 
the pathologist, the clinician, and the 
roentgenologist to be constantly on the 
alert for changes which may be produced 
in the respiratory tract as a result of tissue 
reaction to inhaled dusts. 'I'oday, there are 
several lung conditions that arc alleged to 
be due to occupational dusts in relatively 
new industries, which are not understood 
clearly, and about which no medical publi- 
cations have appeared as yet. 


FXKMKF.R, 194^ 

A typical occupational disease is the 
pneumonia which attacks workers who 
handle basic slag as well as farm laborers 
who scatter it on the fields.'*'’ 

Various writers have attributed primary 
tumors of the bronchi and of the lungs to 
the hihalation of dust. “Schneeberg dis- 
ease” — pulmonary cancer from which the 
workers in the cobalt mines of Saxony suf- 
fer — is regarded as an occupational disease, 
although the etiology is not yet clearly 
established. In the United States it appears 
that cases of carcinoma of the lung have 
been observed among petrol refiners and 
that this resembles the cancer of the skin 
caused by paraffin.'’’'-' 

The problem of occupational asthma is 
reported to be the same as that of occupa- 
tional anaphylaxis."® In many of the cases 
the occupational character of the disease is 
clearly defined. The anaphylaxis is caused 
by the pollen of gramineous plants, dust 
from threshing oats, from hackling hemp 
and flax, from jute or cotton when opening 
the bales, or from flour, causing millers’ 
and bakers’ asthma. 

Cases of asthma of the same variety have 
been observed in chemists and upholster- 
ers, caused by such chemical products as 
aspirin, arsenobenzoles, ipecacuanha or 
lead, as well as in persons who come in con- 
tact with dust of animal origin, such as 
feathers, down and animal scales and hairs. 
In the case of furriers who use "ursol,” 
asthmatic attacks as a rule appear only in 
those who prepare or handle black furs, 
after several years of work, during which 
thev may have experienced no ill effects. 
Simultaneously or independently of the 
asthma, cutaneous lesions may make their 
appearance — urticaria, acute and chronic 
eczema and erysipeloid forms, which have 
also been found in persons w'ho wear fins 

dyed with “ursol.”''*' 

Cases of asthma have also been observeil 
in florists, horticulturists and fruit pickeis, 
thev may also he accompanied by prurigm- 
ous dermatitis, and these cases arc based on 
allertrv acijuircd b}' the inhalation of vege- 
table dust, which often contains an /Icarus, 
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Pediciiloides ventricosus, its secretions and 
excretions.''^® Silk-spinners’ asthma, caused 
by handling silkworms’ cocoons {Bomhyx 
mori) is accompanied by inflammation of 
the eyes and a pruriginous dermatitis (mal 
des bassines.)'’® 

In the pneumoconiosis caused by soot, 
which is found among coal miners, chim- 
neysweeps and stokers on trains, the lungs 
are very black, but are free from sclerosis. 
In the pneumoconiosis due to wood char- 
coal the lungs are not tliickened, which is 
also the case with coal miners’ lungs when 
the seams do not penetrate hard rock.'"’® 

Free silica and asbestos dusts are the 
most hazardous of all of the industrial dusts. 
The two clinically important forms of 
pneumoconiosis, silicosis and asbestosis, are 
due to these two dusts. 

Experimental investigations have shown 
that most non-siliceous dusts exert no ap- 
preciable effects on connective tissues, the 
reaction is not progressive and does not 
terminate in a fibrosis appreciable on gross 
examination. It would seem, therefore, 
that if abnormal shadows are observed in 
roentgenograms of individuals exposed 
only to non-siliceous dusts some other con- 
dition is present.’® 

There are conditions known chiefly from 
the shadows they produce on the roent- 
genogram. These conditions such as bari- 
tosis, and the “false nodulation” of arc 
welders, are known as benign penumo- 
coniosis. 

The nonspecific pneumoconiosis due to 
reactions of tlie lung tissues to organic dusts 
are more important from tlie clinical than 
from the roentgenologic standpoint.^^ Of- 
tentimes byssinosis (pneumoconiosis due 
to cotton fiber) may be present and not 
•demonstrable by the roentgen examina- 
tion. In general, it is assumed that most of 
tlie organic dusts may cause bronchitis 
with or without sensitization phenomena 
resulting in a variety of allergic symp- 
toms.*® 

The diagnosis of silicosis and asbestosis 
IS not easy. Even though the roentgen 
examination provides the best metliod of 


investigation, the diagnosis of pneumo- 
coniosis should be made only by an ex- 
perienced physician, exercising keen clini- 
cal judgment based upon a consideration of 
the present and past occupational history, 
past medical history, present complaints, 
and the clinical manifestations revealed by 
a thorough physical examination correlated 
with die laboratory reports and die roent- 
gen examination of the chest. 

There is so much on die subject of pneu- 
moconiosis, it has seemed best to select for 
recording here a few of the investigations 
that have been carried on in the various 
countries to illustrate the extent of the haz- 
ard. 

GREAT BRITAIN 

England early recognized the importance 
of occupational diseases of the chest. In 
1862, a commission was appointed to in- 
quire into the health of men employed in 
metalliferous mines.*® During die ensuing 
years, some of the most important experi- 
mental and pathological investigations 
were presented by English workers. How- 
ever, there were very few clinical reports 
that emphasized the importance of the 
roentgen examination. 

As late as 1934, Harper, a radiologist 
practicing in the South Wales coal fields, 
in a letter to the British Medical Journal 
said diat more colliery men in South Wales 
had chest roentgenograms than in other 
places. This he thought was the reason for 
die high incidence of silicosis in his district. 
He felt diat a similar experience would ob- 
tain elsewhere if more general use of the 
chest roentgenogram was employed. 

In 1930 Merewether and Price and later 
Merewether reported on their studies in as- 
bestos. These publications have greatly 
stimulated work in this recently discovered 
occupational disease. Later Sparks, and 
Wood and Gloyne made an effort to deter- 
mine whedier pulmonary asbestosis, like 
silicosis, paves die way for a tuberculous 
invasion. 

AUSTRALIA 

The rapid increase in Australia’s popula- 
tion in die latter half of the last century was 
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due in large part to the discovery of rich 
alluvial gold fields in several parts of that 
continent. This stimulated prospecting and 
brought about the discovery of other metal- 
liferous deposits. A large portion of the 
migrants came from mining districts in 
England and other countries. 

Silicosis has been demonstrated in many 
of the mining fields and a high death rate 
from pulmonar}^ diseases, including tuber- 
culosis, has been evidenced in connection 
with tlie industr}^ 

In 1919, in a study of the miners at 
Broken Hill the roentgen examination of 
the chest as a means of diagnosis of silicosis 
as an occupational disease was employed 
for the first time.’-^ Again in 192a the New 
South Wales Board of Trade utilized the 
roentgen examination in a study of the 
sandstone and siliceous rock workers of 
Sydney. 

CANADA 

Pneumoconiosis or silicosis or miner’s 
phthisis has been scheduled as a compens- 
able occupational disease in quarrying, 
stoneworking, metal grinding or polishing, 
and mining, for a number of years in On- 
tario, Alberta, and Saskatchewan.^® 

Silicosis has been studied from time to 
time in the gold fields of Ontario, at Porcu- 
pine, Kirkland Lake, Cobalt, and Sudbury. 
Granite cutters in Ontario were examined 
in 1928. Other examinations have been 
made among foundry workers and among 
sandblasters, as well as workers in marble 
talc, cement, brick, grain elevators, and 
artificial abrasives. These investigations 
were carried out by the Industrial Hygiene 
Division of the Ontario Health Depart- 
ment, where Cunningham, Riddell, and 
their associates, have done work on corre- 
lating clinical, roentgenological, and patho- 
logical findings in lungs of workers. 

GERMANY 

In Germany there has been considerable 
interest in the subject of pneumoconiosis. 

Staub-Oetiker described the roentgen 
appearances of sclerobic lung as found in 
metal erinders and recorded, as have so 
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many others, various stages of the disease. 
Ickert and many other German authors 
have discussed in detail the part tliat silica 
alone plays in the production of fibrosis and 
when complicated by tuberculosis. Many of 
these investigators emphasize that silica 
may produce considerable fibrosis without 
the agency of tuberculosis. 

German authors more than others have 
contributed to the literature concerning 
the finding of cancer of the lung associated 
with pneumoconiosis. The Schneeberg min- 
ers were apparently the earliest workers in 
which cancer was recorded as a complica- 
tion of pneumoconiosis. Davis e/ a/, have 
included an excellent bibliography on this 
subject in their book. 

ITALY 

Italy has a rich heritage in pneumoconio- 
sis which extends back to the clinical and 
anatomical observations of Ramazzini. 

Bianchi has utilized the roentgen exam- 
ination of the chest in his investigations of 
sculptors, hewers, modelers, and workers 
in grinding rooms. 

It was in Italy that the interesting con- 
dition, baritosis, which is one of the benign 
pneumoconioses, was found among baryta 
ore workers and reported by Arrigoni. 

NETHERLANDS 

The roentgen examination of the chest 
was employed in 1923 in studying some of 
the stonemasons, and it was noted b\ 
Kranenburg that the roentgen examination 
was more accurate than any of the other 
methods employed. 

SOUTH AFRICA 

Great credit should be given to the South 
African investigators for their contribu- 
tions to the subject of pulmonary dust dis- 
eases. Even though the roentgen ray was 
discovered in Germany and her pat o o 
dsts had made notable contributions, it 
was in South Africa in 1911 that chest 
roentgenography was for the first time em- 
ployed on an extensive scale. 

The reliance placed upon chest roentgen- 
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ograpli)' was well expressed by Watkins- 
Pitchford, chairman of the South African 
h'liners’ Phthisis Medical Bureau. He states 
that it is not safe to venture upon a posi- 
tive diagnosis of silicosis without tlie assist- 
ance of “a technically satisfactory radio- 
graph,” which is so essential in all diag- 
nostic roentgenograms of the lung. Steuart, 
roentgenographer for the Soutli African 
Bureau at tlie time of his report, had aoo,- 
ooo chest roentgenograms of 57,000 indivi- 
duals in his files. 

Very few reports of asbestosis have come 
from South Africa. 

UNITED STATES 

Although the United States was late in 
getting started in the field of investigation 
of occupational diseases of the chest, there 
are todav more exhaustive studies being 
carried out in tliis country than any otlier 
place in the world. Particularly is this true 
in chest roentgenography. Lanza and 
Childs and my own former chief. Dr. Pan- 
coast, are probably responsible, more than 
anyone else, for the early enthusiasm that 
was created for including roentgen studies 
of the chest as a part of any comprehensive 
investigation of occupational diseases of 
tlie chest. 

The industrial processes in the United 
States are extremely varied. There are 
many dusts which modify the action of 
silica and silicates, so much so, that it is 
essential for one to be familiar witli the in- 
dustrial operations in order to interpret 
properly the pattern of the changes pro- 
duced on the roentgenogram by the patho- 
logical process. 

In this country, chest roentgenography 
has been included as a part of studies of the 
chest in workers in tlie following industries: 
abrasive, aluminum, asbestos, sand blast- 
ers, brick, cement, ceramics, clay, coal 
(hard and soft), copper mining, foundries, 
gold miners, granite, grinders, gypsum, 
iron, lead, marble, porcelain, pottery, quartz 
and sand, slate, spray painting, stone, to- 
bacco, wood, and zinc industries. 

There are many other workers such as 


arc welders, tin and beryllium workers in 
whom there are interesting roentgen find- 
ings. 

At the present time, data are not avail- 
able on the general incidences of occupa- 
tional diseases of the chest in this country. 
Ei'-en with silicosis and asbestosis, the inci- 
dence would be difficult to obtain from our 
vital statistics. In most of the large and in a 
few of the small industries, however, the 
industrial physician is on tlie alert about 
occupational conditions in the chest. Like- 
wise, Federal and State agencies are being 
requested with increasing frequency to 
make healtli surveys of workers in various 
industries. It is hoped, therefore, that in 
the not too distant future, reliable informa- 
tion concerning the incidence of occupa- 
tional chest conditions will be fortlicoming 
from our vital statistics. 

In 1917, Lanza and Childs presented tlie 
first American classification of stages of the 
condition based upon roentgen findings. 
This has stood the test of time so far as ap- 
pearances are concerned, although there 
have been some changes in opinion as to 
tlie pathological features. They divided tlie 
progress of tlie condition into tliree stages, 
which may be briefly described as follows: 
Fh'St stage: The root shadows are denser, 
and more extensive, and may show nodules; 
tlie trunk shadows are increased in densit)" 
and breadth, with numerous punctate de- 
posits of varying size along them; the ap- 
pearance is symmetrical on both sides at 
first, but not so later; there is no difference 
in diaphragmatic excursion. Second stage: 
In addition to the foregoing, there are 
found fairly symmetrical, small, circum- 
scribed, dense areas throughout both lungs, 
and later larger masses accumulate, usu- 
ally at the lower part of the upper third, 
about the level of the root shadows; the 
domes of the diaphragms seem accentu- 
ated. Third stage: This differs from the 
second only in the extent of lung involve- 
ment, indicated by increased numbers 
of deposits and more massive grouping. 
Lanza and Childs then go on to describe 
more advanced fibrotic changes, with 
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heart, vessel and tracheal displacement and 
restricted diaphragmatic excursion which 
they were inclined to ascribe to a tubercu- 
lous complication which we now know may 
be due entirely to advanced silicosis, al- 
though tuberculosis may be a factor. This 
classification, with a few minor changes, 
answers the purpose admirably today. 
During the same year, Pancoast, with- 
out any knowledge of the work of Lanza, 
developed a similar classification, differing 
only in minor details. However, since this 
classification was not in general use. Pan- 
coast and Pendergrass suggested the fol- 
lowing pathologic-roentgenological classi- 
fication to overcome existing confusion d® 
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subdivision to describe the appearances of 
(j) healthy lungs, (2) the uncomplicated 
silicotic lung, and (j) lung of silicosis with 
infection. The changes described under the 
first division are those compatible with a 
state of good health; and while they may 
be produced by the inhalation of relatively 
small amounts of silica dust, they are not 
sufficiently characteristic or advanced to 
substantiate a diagnosis of silicosis. Similar 
or identical appearances may also result 
from the inhalation of non-siliceous dusts, 
from certain infection, from cardiovascular 
disease, and from certain other rare condi- 
tions. The changes involved are for the 
most part confined to the lymphatics and 


I. Peribronchial-perivascular-lymph node predominance 


rapid 

slow 


2. Early interstitial predominance (Interferes with diaphragmatic movement) 

3. Late or advanced interstitial predominance 

4. Nodular predominance 

^ ' (progressive 

[conglomerate nodular type 

5. Advanced diffuse or terminal fibrosis [interstitial type 

(massive fibrosis type 


( with nodular appearance 
without nodular appearance 
rapid or slow 


This classification is most satisfactor)" 
from the standpoint of uncomplicated sili- 
cosis, but it has never become very popular 
among physicians interested in this subject. 

A later classification suggested by an in- 
terested committee^'^ is as follows: 

It should be distinctly understood that 
the tabulation which follows applies only 
to silicosis, that form of pneumoconiosis 
resulting from the inhalation of dust with 
a high silica (Si 02 ) content. Other forms, 
like asbestosis, are excluded from this con- 
sideration because their pathology is essen- 
tially different from that of silicosis. 

The tabulation contains two columns: 
on the left are the roentgenological appear- 
ances and on the right are the correspond- 
ing pathological lesions. There is further 


perilymphatic connective tissues and do 
not affect the parenchyma of the lung. 
Since, by definition, silicosis is a disease 
characterized by nodular fibrosis in the 
parenchyma of the lung, these alterations, 
even when they may have been caused by 
inhaled silica, do not constitute a basis for 
a diagnosis of silicosis. The second gioup 
covers the discrete and conglomerate nodu- 
lar fibrotic reactions of sirnple silicosis. 
The last group deals with silicosis compli- 
cated by infection. In the majority of in- 
stances tbeinfecting organism is the tubercle 
bacillus, but the classification is sufficiently 
broad to include other types of infection. 
Certain criteria by which one attempts to 
differentiate various forms of infection will 
be discussed. 


Roentgenological appearances 


Histological appearances 


SIMI'I-E sn.icosis 

1 . Nodulation.-Discrete shadows not exceeding 6 1. 

mm. in diameter, tending to iwifonmty in s)7X, in the parcnchjma o< tlic lung, w 
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Roentgenological appearances Histological appearances 

density, and bilateral distribution, with well- of these nodules may show microscopic foci of cen- 
defined borders surrounded by apparently normal tral necrosis, 
lung shadow. The outer and lower lung fields char- 
acteristically show’ fewer nodules. 

а. Conglomerate shadows that appear to result from 2. The result of coalescence of discrete nodules; an 

a combination or consolidation of nodulation usu- area in w’hich the nodules are closely packed and 
ally with associated emphysema manifested by — most of the intervening lung is replaced by more 

a. Localized increased transparency of the lung or less hyaline fibrous tissue. The lung architecture 

with loss of fine detail. is partially obscured. No demonstrable evidence of 

b. Intensification of the trunk shadows by con- infection. Emphysema is a compensatory dilata- 

trast. tion of the air spaces with or without thickening 

c. Depression of the domes with possible tendency of the septa, 
toward individualization of the costal compo- 
nents of the diaphragm. 

d. Lateral view; Increase in the preaortic and ret- 
rocardiac space with exaggerated backward 
bowing of the spine. Widening of the spaces be- 
tween the ribs may or may not be present. 

SILICOSIS WITH INFECTION’ 

The characteristic appearances described under simple silicosis are modified by infection as follows; 

3. Localized discrete densities and/or string-like 3. Strands of fibrous tissue, often along trunks and 

shadows accompanying those of simple silicosis de- septa, with or w'ithout areas of calcification; in- 
scribed above. dicative of “healed” infection. 

4. Mottling. — Shadows varying in size with ill-de- 4. a. Areas of bronchopneumonia w’ith or w'ithout 

fined borders and lacking uniformity in density caseation, i.e., acute infection. 

and distribution, accompanying simple silicosis. b. Lobular areas of proliferative reaction with or 

W'ithout caseation, i.e., chronic infection. 

5. Soft nodulation. — ^The nodular shadows described 5. Perinodular cellular reaction either exudative or 
under simple silicosis have now assumed fuzzy proliferative in character. 

borders and/or irregularities in distribution. This 
change may or may not accompany simple 
mottling. 

б . Massive shadow’s of homogeneous density not of 6. Extensive areas of fibrosis probably due to organ- 

pleural origin symmetrically or asymmetrically ized pneumonia of tuberculous or nontuberculous 
distributed. origin superimposed upon a coexistent silicotic 

process. Outlines of normal structures may be 
partially destroyed. 

COMMENT 

For the first group of appearances w’e have adopted the nomenclature of the National Tuberculosis Asso- 
ciation Committee and described the lungs as healthy rather than normal^ as a perfectly normal adult human 
being is a great rarity. For a description of the roentgenological appearance of the healthy chest the reader 
should consult a paper by Pancoast, Baetjer, and Dunham in the American Review of Tuberculosis for 1927, 
vol. 15, pp. 429-471. 

As already mentioned under 2, Irregular exaggeration of the linear markings, with possibly some beading, 
belongs in the healthy chest group even when found in persons w’ith a history of considerable exposure to 
silica, for such changes are nonspecific in character and they do not involve the parenchyma of the lung. 
Silicosis as a clinical disease begins only when the lung proper is affected. Likewise, under 3, lira-eased root 
shadow may be of nonspecific origin and hence is not diagnostic. In the early stages of silicosis the mediastinal 
shadow’ may be widened, owing to the enlargement of the tracheobronchial lymph nodes from accumulated 
dust and cellular reaction to it; later, when specific fibrosis develops, the tissues generally contract and the 
nodes decrease in size. The changes described under 2 and 3 may be caused by many forms of irritation; if 
they are due to silica they are identifiable only by microscopic examination. They do not apparently interfere 
W’ith respiratory function, and they are not of diagnostic significance. 
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The asbestos industry has grown exten- 
sively in the past quarter of a century. This 
has caused attention to be centered around 
it as a factor in industrial disease. In tliis 
country, the reports of Lynch and Smith, 
Lanza et ah, Shull, Pendergrass, and others, 
and the experimental work of Gardner 
have^ emphasized the importance of this 
condition. 

The process is confined to tlie lungs and 
pleura and if the disease becomes suffi- 
ciently advanced it will produce definite 
increase in the markings of the lungs and 
thickening of tlie pleura. 

One cannot conclude a discussion of tliis 
kind witliout pointing with pride to the 
early work of many of our colleagues not 
only in roentgenology, but electrical engi- 
neers and physicists and to the fundamental 
contributions in anatomy, physiology, and 
pathology; all of which have provided for 
the roentgenologists information from 
which it has been possible to develop cri- 
teria tliat have become so essential in ren- 
dering a diagnosis in occupational lesions 
of the chest. 

Whereas, in the early days roentgeno- 
graphy of tlie chest was utilized only oc- 
casionally, today modern preventive medi- 
cine cannot be practiced intelligently unless 
a roentgen examination is a part of the 
program. Finally, the need for chest sur- 
veys has become so great, a new procedure, 
photofluorography, has been developed 
and the work of F. J. Hodges, Morgan, and 
Hilleboe has been outstanding in this coun- 
try. 

University Hospital 
3400 Spruce St. 

Philadelphia 4, Penna. 
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FIFTY YEARS OF ROENTGEN RAYS 
IN GASTROENTEROLOGY 

By JAMES T. CASE, M.D., D.M.R.E. (Cambridge)* 

CHICAGO, ILUNOIS 


A HALF century of medical progress, 
even in one branch of medicine, is a 
difficult subject for review in the brief 
space available in this special issue of our 
Journal. In the field of gastroenterology 
the onward march has been paced by the 
evolution of roentgenological advance in 
instruments and technique. The advance of 
our knowledge of the motor and many 
other physiological processes in the ali- 
mentary and biliary tracts has depended 
to a considerable degree on the aid of the 
roentgen rays in the physiological labora- 
tory and in the clinic. From the diagnostic 
standpoint no examination of the digestive 
organs is now considered complete without 
the information supplied by a roentgeno- 
logic study. Many of the medical and sur- 
gical therapeutic procedures utilized are 
conducted under roentgen-ray guidance. 

Gastroptosis was described as far back 
fis 1750 by van Swieten and in 1770 by 
Morgagni. Cruveilhier in 1849 gave further 
attention to ptosis of the stomach, speaking 
of it as “vertical dislocation of the stom- 
^ich.” Bouchard placed great emphasis on 
ptosis of the digestive organs, (jlenard*®* 
began in 1885 a series of communications in 
which he attempted to explain dyspeptic 
troubles by gastric and intestinal ptosis. It 
was perhaps unfortunate that at the time 
of the discovery of the roentgen rays, 
Glenard’s disease, as it came to be called, 
occupied such an important place in medi- 
cal practice, especially of those physicians 
giving special attention to the digestive or- 
gans, for one of the first and what was tlien 
considered most important uses to which 
the new rays were put in relation to inter- 
nal medicine concerned the position of the 
stomach and colon. 

The first record of an investigation of 
the gastrointestinal tract with the help of 


the roentgen rays is found in an article by 
Strauss-^- (1896) who wrote of fluoroscopic 
observations on the stomach by using gela- 
tin capsules, the kind used for the adminis- 
tration of castor oil, filled with reduced 
iron oxide and bismuth subnitrate. The 
shadows were only very indefinite and the 
investigations were discontinued. Hem- 
meter^^'* (1896) suggested the use of a solu- 
tion of plumbic acetate in a gutta percha 
bag which could be swallowed and later 
withdrawn. 

In 1897 a number of investigators em- 
ployed the roentgen rays for observing the 
digestive tube. Walsh-'® recorded observa- 
tions on the upper contour of the liv’^er in a 
case of hydatid disease, mentioned the ])os- 
sibility of seeing the lower border of the 
stomach faintly outlined with gas, and de- 
scribed his study of a patient with intesti- 
nal obsti'uction who for a fortnight before 
the observation had taken 15 grains of bis- 
muth three times a day. Benedict-” tells of 
using gelatin capsules containing reduced 
iron, in February, 1897, for the study of the 
alimentary tract but failed because of inef- 
ficient roentgen-ray apparatus. However, 
on July 13, 1897, this method was success- 
ful in 3 cases. 

Walter B. Cannon,-® while still a medical 
student, undertook some work at the sug- 
gestion of Professor H. P. Bowditch, of 
Harvard University, who in the autumn of 
1896 expressed the belief that the roentgen 
rays would give assistance in observing 
gastric motor activity. Cannon’s very first 
experiments related to the movement of 
food in the esophagus, for which purpose 
the goose was selected. The head and neck 
were surrounded by a tall pasteboard collar 
which allowed free movement of the head 
without constriction of the neck (Cannon 
and Moser””). His first account of roent- 
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genologic observations of the stomac-h of 
the cat was given at the meeting of the 
American Phj^siological Society in May, 

1897, and later results in December of that 
same year. 

Roux and Balthazardi 89 (1897) should 
be credited with experiments on the 
stomach of frogs, dogs, and men, utilizing 
bismuth-filied capsules covered Avith cellu- 
loid to keep them from dissolving in the 
digestive tract. 

Williams^^’ employed the introduction of 
gas or air into the hollow organs, especially 
the colon. For the esophagus he utilized a 
spiral wire, as suggested by Lindermann in 
1897, or a metallic sound or a soft rubber 
tube closed at its inner end and passed 
into the esophagus, then filled more or less 
with mercury or lead shot. Williams made 
his first experiments with a suspension of 
bismuth subnitrate in 1897, and suggested 
that if the examiner did not wish the bis- 
muth to pass into the intestine he might 
wash it out of the stomach with a lavage 
tube. He gave credit to Cannon, whose 
early work was done on animals, for assist- 
ing him in some studies on children in Sep- 
tember, 1899. There is no doubt that the 
credit for the introduction of the use of 
bismuth subnitrate mixed with food be- 
longs to Cannon and to Williams, though 
probably there were others who made use 
of small doses of bismuth for similar pur- 
pose, especially for the study of the 
esophagus. An early advocate of bismuth 
in suspension for studying the stomach 
was Metcalf,^®® of Chicago. 

Holzknechd"-' studied the esophagus with 
reference to stenosis in 1900. 

However, the credit for the employment 
of bismuth salts in large doses, after prov- 
ing that the ingestion of large doses is 
harmless, belongs to H. Rieded®'^ (1904) 
Munich. The Rieder meal Avas a standard 
for roentgenologic study of the digestive 
tube for many years and still is. Other out- 
standing pioneers in establishing standards 
for the roentgenologic study of the di- 
gestive tube Avere Pfahler,^'^ the first of 
whose numerous publications on the sub- 
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ject i^peared in 1905, Hulst,^^- Skinner 
and Crane in America, and Holland'^^s 
Barclay,^ and Hertz--*=|29 England. 

Aside from the investigation of the 
esophagus, the chief attention of roent- 
genologists Avas given, as above mentioned, 
to the location of the position of the ab- 
dominal viscera. Glenard’s work^®^ was so 
fresh in the minds of the medical profession 
that the ncAv method Avas regarded as a 
God-sent aid in locating the lower border 
of the stomach and the position of the 
colon. Such added emphasis Avas placed 
on Glenard’s teachings that for two 
decades gastroenteroptosis continued to 
occupy an important place in the desci'ip- 
tion of roentgen findings of the gastroin- 
testinal tract. It remained for Moody^®® 
(1929) to record his studies on 1,000 
healthy university students, conducted 
over a period of ten years at the rate of 100 
a year, which led him to recommend the 
abandonment of the term "ptosis” as ap- 
plied to the digestive organs, and today few 
physicians explain a patient’s digestive 
symptoms on the basis of "ptosis.” Certain 
important data relative to the topograpliy 
of the digestive tube Avere provided by 
studies of Holzknechd®'' (1906), Jollasse”® 
(1907), Hertz”^ (1909)5 and Mills'®® (1917)5 
among others, especially concerning the re- 
lation of the position of the digestive or- 
gans to body habitus. 

It is impossible in this brief space to at- 
tempt a complete listing of all the con- 
tributors to the application of the roentgen 
rays to the study of the digestive tube; only 
the high lights will be given. Holzknechd^ 
(1906) reported on gastric peristalsis and 
described the roentgen findings in cancer 
of the stomach. Reiche,'®® in 1909, reported 
on gastric ulcer craters. Ashbury,® at the 
1910 meeting of the American Roentgen 
Ray Society, presented a paper on the 
recognition of gastric and duodenal ulcer 
by the detection of barium retained in the 
ulcer crater. At that time his Avork re- 
ceived little attention; yet today this oc 

* Hertz later clianged his name to Hurst .and fits later writmgf 
tire under this name. 
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ing constitutes the basic roentgen evidence 
of gastroduodenal ulcer. In 1909 Kastle^ 
Rieder and Rosen thaP^® reported on a sort 
of moving picture method which they 
called bioroentgenography. Haudek,^^^ 
1910, published his epochal work on the 
diagnosis of gastric ulcer, especially of the 
body of the stomach, describing the niche 
which ever since has continued to be known 
by his name. 

About this time barium sulfate replaced 
bismuth preparations as the generally used 
opaque medium for gastrointestinal work. 
Carman®^ laid much stress on roentgeno- 
scopy confirmed by roentgenograms. 
Cole®^’®® and George and Gerber®^-®- placed 
emphasis on obtaining the greatest possible 
roentgenographic detail in the gastroduo- 
denal region, employing the screen chiefly 
as a finder to make sure of proper position- 
ing of the patient. Together these pioneers 
laid the foundation for the elaborate detail 
of the technique employed at present in 
gastric roentgenology. Haudek’s double 
meal, described by Holzknecht^®’ in 1911, 
is still in use in many clinics. 

Cole,®' George and Gerber®^ and Car- 
man®^ all laid stress on the direct evidence 
of ulcer and carcinoma, as did Haudek,”® 
whereas previously Haudek’s teacher, 
Holzknecht,^® had elaborated a number of 
indirect roentgen-ray signs of gastric dis- 
ease. For instance, Holzknecht’s symptom- 
complex No. I : “(i) Bismuth residue after 
six hours; (2) normal stomach shadow on 
the screen; (3) achylia. Diagnosis: Small 
carcinoma of the pylorus.” Holzknecht felt 
that a residue after six hours (with the bis- 
muth-bread mixture) indubitably pointed 
to an organic obstruction of the pylorus. He 
argued that the cause must be either steno- 
sis or spasm of the pylorus, and since spasm 
never occurs with achylia but, on the con- 
trary, with hyperacidity, the diagnosis un- 
der the above complex must be a small car- 
cinoma; and itshould be operable, otherwise 
there vviuld be some defect in the shape or 
extent of the bismuth shadow in the stom- 
ach. Another example: symptom-complex 
No. 4: “(i) Small residue after six hours; (2) 


sensitive pressure-point over the stomach; 
•(3) normal gastric shadow. Diagnosis: 
Simple gastric ulcer.” It was requisite that 
the sensitive point should be demonstrated 
roentgenoscopically as coinciding with the 
lesser curvature of the stomach where ulcer 
was frequently situated. Other roentgen 
signs of ulcer consisted of gastric anti- 
peristalsis, displacement of the pylorus 
upward and to the left making a snail form 
of lesser curvature, and a stable or spastic 
intermittent transverse contraction of the 
stomach causing an organic or spastic 
hourglass formation. 

But Holzknecht also recognized the im- 
portance of bringing out the detail of the 
gastric lesion by compression with a “dis- 
tinctor” or wooden spooid^ and with manip- 
ulation of the stomach under the screen 
with the hand protected by a lead rubber 
glove, a technique later emphasized by 
Carman in developing the “pad sign” in 
gastric ulcer. The American school laid 
great stress on the direct signs of gastro- 
duodenal disease, later extending the same 
principles to the study of the bowel. 

Holzknecht in 1909 was already practic- 
ing the method of “aimed” roentgenograms 
which some of us in this country have con- 
tinued to use for more than thirty years. 
He considered it of the greatest advantage 
in the course of roentgenoscopy to place a 
roentgen plate behind the screen without 
altering in the slightest the relative position 
of the tube and the patient, and to expose 
it, with only a momentary interruption of 
his roentgenoscopic study. He considered 
that under many circumstances the roent- 
genoscopic examination was a preliminary 
to the roentgenography and that the screen 
acted as a finder for the roentgen tube. This 
Viennese practice was the forerunner of the 
so-called “spot film” method now so popu- 
lar in the United States. Any size of film 
exposed in this manner is really a spot film, 
but because of the small size to which the 
film must be reduced before in most minds 
it is entitled to the term “spot film,” it 
seems that these tiny films might better be 
called “dot films.” At any rate, the evclu- 
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tion of apparatus which permits instantane- and simultaneously bv 

ous recording of interesting phases of roent-- ’ ' ^ ' 

genoscopic observations constitutes an im- 
portant phase of advance in the roentgeno- 
logic study of the digestive tract. 

Another important development was the 
idea of Baastrups in 1924, founded on the 
elaborate studies of Forssell,®^ who devised 
a method of coating the walls of the stom- 
ach with bismuth and distending it with 
air, Forssell/^ Akerlund,^’® and Berg, 21.22 
well as SchwarzJ''^ Ledoux-LebardJ^« Bar- 
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, . ^ or more roent- 

genologists, often continents apart. 

The early examinations of the colon 
were carried out by the introduction of air 
or gas to outline the sigmoid flexure and 
descending colon, not only for the deter- 
mination of the position of the large bowel 
but also for discovering and identifyinc 
enlargernents of neighboring organs, such 
as the kidneys, spleen or pancreas (Willi- 
ams). Wijliams22' also suggested that the 

222224 m 1 01' ^ ^ might be injected with a fluid 

clay, Weber - Templeton,- ^ and many containing subnitrate of bismuth and its 
others, have elaborated on the method of outline and position studied. He added that 
visualization of the gastrointestinal mucosa, “we should remember that anv liquid 
iSo longer is there an effort to fill the stom- which is opaque to the ravs must be heavy 
ach or bowel with a large opaque meal; now and that the risk of putting into the large 
one seeks rather to visualize the mucosal intestine such a weight as micht be danaer- 
pattern and to complete the study with a 
minimum of contrast material. Nor is the 


ous to its integrity should not be taken.” 

Groedel discussed at some length the 
study^ of the large bowel by following 
through the opaque meal, and in 1909"® 
he recommended the bismuth clysma. Ac 
about this fimeHaenisch,’'2.n3of}-]ji,^^j,u,.g^ 
had progressed so far in his use of the con- 
trast enema that lie had developed the 


main effort carried out fluoroscopically' in 
preference to the roentgenograms. The 
screen studies serve for observation of peri- 
staltic activities and for gross details, but 
for the fine details which are needed for 
sure diagnosis, one must have recourse to 
roentgenograms, including the “spot films” trochoscope, especially designed for die 
made with compression when needed, the study of the large bowel by the aid of the 
preliminary fluoroscopy serving more as an opaque enema. The Haenisch trochoscope 
aiming device and for observation of mobii- was the forerunner of most of the horizontal 
ity and peristalsis than for recognition of , fluoroscopic devices developed in tlie 
fine detail. Let anyone with sublime faith United States during the next <lccadc. 
in the fluoroscopc prepare his eyes ever so For several years the practice became 
well and then try to make his final diag- general in colon studies to use a large 
nosis on a cholecystography or an intra- 
venous urography with the fluoroscopic 
screen alone! The ideal examination of the 
digestiv^'e tube today includes appropriate 
use, as needed in the individual case, of all 
the fluoroscopic and roentgenographic de- 
vices which the past experiences have 
taught us. 

To enumerate in this i)rief space the 
various steps in the progress of gastroin- 
testinnl diagnosis generally and o{ the 
colon in particular and to name the various 
responsible authors without serious omis- 
kr* tilmost' imnossiblc. great 


sions would be almost impossible. great 
manv of the advances in gastrointestinal 

roenkenoloev were hegnn indepemlently the opaque tltsnia .... a l..rr. s-ti... 


opaque enema, injecting until the colon 
was completely filled and some of the 
opaque material had found its way into 
the small L'owcl. But the growing a]q>rcc!- 
ation of visualization of the nuicos.'tl pat- 
tern of various organs, stimulated by the 
work of h'orsscli,'''''- and others, led to tlic 
development of combining the simple 
opaque enema with the injection f>j air 
gas. d’hc leaders in Furo]>c were Idschcr,'' 
Berg," Schwarz, and in the Tnifri 

States, Coje,‘AVe{)er"'^Gcrsiion-Co|u;n, 

and many others. 

Among the first after Pfalder K.y arry 
out roentgen examinations of the ny 
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tients was Case’^’’® who had completed 
five hundred such examinations by the end 
of the year 1911. From the first he learned 
to stress the need of interrupting the fluoro- 
scopic examination at appropriate inter- 
vals to place a film upon the patient under- 
neath the fluoroscpic screen, exposing it 
with the same tube with which the fluoro- 
scopy was conducted. He emphasized the 
value of turning the patient under screen 
guidance so that oblique and even lateral 
films of the sigmoid could be made in this 
manner. This fluorographic technique, 
which he learned from Holzknecht, of 
Vienna, was believed to be the earliest 
American application of the so-called 
“spot films” in mass studies of the colon. 
He also emphasized the value of localized 
compression with the Holzknecht wooden 
“distinctor” during the exposure of the 
films.'^^ 

From this, together with the double- 
contrast technique of Fischer,^ Berg,” 
Weber--’ and otliers, has been evolved with 
minor modifications the present-day method 
of roentgen examination of the colon. The 
patient is first studied with the opaque 
enema, the injection of whiclr is watched 
under the fluoroscopic screen for every inch 
of its extent. So-called spot films are made, 
especially of the sigmoid, of the flexures, 
and of the cecum, turning the patient under 
screen guidance as much as necessary to 
throw into prominence the coil in question. 
The entire colon is then recorded on a 14 
by 17 inch film, after which the patient is 
allowed to evacuate the opaque enema. 
Another roentgenogram then records the 
degree of emptying and permits study of 
the more of less collapsed colon, the more 
complete the emptying the better. This is 
often the most valuable part of the study 
and frequently enables one to state with 
finality that diere are no polypi or other 
tumors in the colon. Should question re- 
main or there be other indications, air is 
then injected but this is not done in all 
cases by any means. After the air has filled 
the colon and localized studies witli com- 
pression have been terminated, stereo- 


scopic roentgenograms of the double-con- 
trast-enema-filled colon are then made. The 
work of ^^'eber and of Gershon-Cohen is 
particularly deser\dng of special mention 
in connection with the double-contrast 
colon studies. 

Of course, during and prior to the time 
that the opaque enema was being devel- 
oped, the colon had been extensively stud- 
ied by observing the intestinal transit of 
the opaque meal. Holzknecht in 1909 de- 
scribed “rush peristalsis” or “mass move- 
ments” occurring in the colon, later further 
studied by Barclay, Case, Jordan, and 
many others. 

In the colon the early work related to 
morphology, physiology and ptosis, with 
now and then papers on carcinoma, such 
as by Pfahler^"® (1911) and Case**^*®^ (1913)- 
Then came a period in which emphasis was 
laid upon intestinal adhesions, either of 
congenital origin or acquired, and we 
learned of Lane’s kink and Jackson’s mem- 
brane, the latter emphasized by Skinner^®® 
in 1914 and by Cole'- in 1921. 

Beclere^' (1909), Liertz^^^ (1910), Belori® 
and Desternes®- (1911), Case^® (191-), 
George and Gerber®® (1912), were among 
the early contributors to roentgenolog}" of 
the appendix. Since that time numerous 
publications on the appendix have ap- 
peared. 

Although I have not attempted to in- 
clude complete consideration of tlie work of 
European colleagues, review of the progress 
in roentgenology of the colon would be de- 
cidedly inadequate were we not to mention 
the work of Hertz (Hurst) of England. His 
contributions dealt mostly with the cause 
and treatment of constipation. The publi- 
cations of Schwarz, then of Vienna, were 
scarcely less important. 

Early contributions to the roentgen find- 
ings in ulcerative colitis were made by 
Stierlim®®’®®® and Kienbock.^®® American 
contributors were particularly Carman and 
Moore,®® Weber and Bargen,®®® and Kirk- 
iin, cooperating with Bargen. The relation 
of colitis to polyposis was discussed by 
Bargen,^® and the diagnosis of polyposis by 
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Weber, 222 and others. Ileitis (Crohn et al^^) 
which was at first thought to affect only 
the terminal ileum has come to be recog- 
nized as an ulcerative disease which may 
attack any part of the intestinal tract. 

The wave of deep roentgen therapy in 
the treatment of pelvic carcinoma has 
brought in its wake numerous instances of 
post-irradiation ulcers and other damage of 
the sigmoid. This was first published as 
far back as 1920 but recently the lesion 
has again found a place in the literature. 

Colonic diverticula were first described 
roentgenologically by Goldmann^o^ (Frei- 
burg) in 1907, who described a case showing 
multiple sacculations; then by Abbe^ and 
LeWald, Case,^'’^® Carman,®® George and 
Leonard,®® and Spriggs and Marxer,2®2 until 
it has become generally recognized as one 
of the commoner and most important le- 
sions of the large intestine. 

Amebic, actinomycotic, blastomycotic 
coccidioidal and other fungus infections, 
endometrial manifestations in the colon 
CJenkinson and Brown^®2)^ various types of 
fistula connecting the colon with abdominal 
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ably diminished the popularity of the 
method. Nevertheless, as with most meth- 
ods overemphasized at first, there have 
persisted a few valuable uses for pneumo- 
peritoneum. In South America the method 
was used very extensively for the diagnosis 
of abdominal hydatid disease, but a lead- 
ing radiologist of the Argentine remarked 
that if it were not for the prevalence of 
hydatid disease in certain parts of the 
Southern Continent and in Australia, 
there would have been no such extensive 
use of pneumoperitoneum. 

The realization that half of the malignant 
neoplasms of the large bowel occur in the 
rectum and rectosigmoid where they can 
be easily recognized by proctoscopic ex- 
amination has impelled many writers to 
urge that every patient for whom a roent- 
gen study of the colon is needed should 
have a preliminary examination of the 
rectum, at least digitally and preferably by 
proctoscope. Such preliminary examination 
will surely determine the presence of some 
early lesions which would otherwise escape 
even a most painstaking roentgen study. 


and pelvic viscera and with the skin, 
Hirschsprung’s disease, nonspecific gran- 
uloma, lymphopathia venerea, internal 
herniations and volvulus are among other 
important lesions of the colon which in 
later years have drawn the attention of 
radiologists. Many of these abnormalities 
and lesions are found also in other parts of 
the digestive tract. 

Spontaneous pneumoperitoneum as a 
method of detecting internal perforations 
of hollow viscera was described by Lenk“' 
(1916), Dandy®^ (1919). Gopher'^ (1924), 
Vaughan and Brams®^^ (1925b Pendergrass 
and Kirk^®® (1929), to mention only a few of 
the contributors. 

Artificial pneumoperitoneum had its 
period of prominence with Stein and 
Stewart®®® {1919), Orndoff^®' (1919b 
Sante^®®’^®^ (1921) and others, finally a col- 
lective review by Case®^ (1921) which 
showed that there was an inescapable ele- 
ment of risk, even of death, and consider- 


Small colonic lesions which are easily dis- 
coverable during the first moments of vis- 
ualization of the rectum with the contrast 
enema can be completely lost when the 
rectum becomes distended,®® To overcome 
the handicap of such a failure to diagnose, 
Oppenheimeri®® has recently described a 
special technique for the double-contrast 
visualization of the rectal and rectosig- 
moidal mucosa. 

Up to this point, our review has con- 
cerned lesions of the esophagus, stomach, 
duodenum, and colon. In the field of the 
small intestine, which for along time has re- 
mained a field only slightly known to roent- 
genology, great progress has been made 
within the last decade. In the earlier years 
of the roentgen era the motor physiolog) 
of the small bowel was an important part 
of the early studies, especially by Cannon, 
w'ho described its motor behavior in great 
detail, including segmentation movements 
which occurred with such rapid alterna- 
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tions of segmental contraction and relaxa- 
tion as to suggest the keys of a piano being 
played by unseen hands. 

Various authors had written on acute 
and chronic obstruction, but it remained 
for Mills^“® in 1921 at a meeting of the 
American Roentgen Ray Society to relate 
his extensive statistical studies on the small 
intestine. He lamented the scant effort 
which had been directed to roentgen study 
of the jejuno-ileum, and made a valuable 
record covering observations on the diges- 
rive tract of 6,000 persons. Mills conceived 
that organic small intestinal lesions, in- 
volving the wall, either primarily or sec- 
ondarily, will modify the roentgen shadow 
of the contents of the loops involved and 
thus render direct diagnostic evidence of 
.their presence. This testimony might not 
be as striking as in the case of the stomach 
and colon, nor as suggestive of the nature 
of the lesion. He observed that when there 
is organic obstruction of the alimentary 
tract there will be dilatation and motor de- 
lay proximal to the lesion, depending upon 
the degree of obstruction. 

In his series of nearly 6,000 subjects, 
atypical small intestinal patterns due to 
organic conditions primarily Involving the 
small intestine were found in 70 cases, 18 
of them being due to carcinoma and 44 to 
peritonitis and adhesions other than those 
due to appendical disease, and 310 were 
cases where the small intestinal atypical 
forms were a secondary result of organic dis- 
e«^se, such as lesions of the cecmn and appen- 
dix or complication of appendectomy, and 
lesions of the colon, such as carcinoma, di- 
verticulitis, extra-alimentary tract tumor 
pressure, hernia, and a few other lesions. 
He included a group of 156 cases which he 
considered were due to functional patho- 
logical states, hlany of these would no 
doubt now be placed under the head of in- 
sufficiency states, avitaminosis, as con- 
cei\’ed today. 

Cole '^5 in 1914 had reported on the small 
intestine in relation to the stomach and cap 
ns obser\'^ed roentgenologically. In 1926, 
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with Morse,^®^ he made extensive studies 
regarding the normal anatomy and es- 
pecially the morphology of the small in- 
testine, showing that the position of the 
jejuno-ileum varied but little in the prone 
and erect posture; and that the loops of 
small intestine were shown Avith much bet- 
ter detail and with only slight distortion 
with the patient in the prone position. 
They felt that the roentgenographic out- 
line of the inner wall of the intestine, as 
shown by the barium, was an expression 
not only of the surface of the mucosa but 
also of the muscular coats. They quoted 
Mall who taught that in the embryo there 
are six primary coils of small intestine. 
These can usually be identified in the adult. 
Loop one forms the duodenum ; the second, 
third, fourth, fifth, and sixth loops or coils 
constitute the jejunum and ileum, other- 
wise referred to as the mesenteric small in- 
testine. Other valuable contributors to the 
basic understanding of roentgenology of the 
normal and pathological small bowel were 
Soper,-®° Ritvo,^®’ Menville and Ane,’" and 
Bouslog,-^*-® to mention only a few of the 
many authors. 

Schwarz^®^ (tyti) one of the earliest 
to describe chronic obstruction of the small 
bowel, demonstrating dilatation of the 
small intestinal loops approaching the colon 
in size, exaggerated visibility of the circular 
folds of the intestine, fluid levels surm.ounted 
by gas in the dilated small intestine Avhen 
the patient was examined in the erect posi- 
tion, and slowing of the intestinal transit. 

These findings were corroborated in 1913 
by Stierlin.-^^ In 1914 Case”°'“®’^®*'^^ em- 
phasized that it was possible to detect the 
presence of acute obstruction of the small 
bowel roentgenologically without the ad- 
ministration of an opaque medium given 
by mouth. This author repeatedly urged 
the feasibility of taking the roentgen ex- 
amination to the patient Avith bedside 
roentgen-ray equipment, emphasizing that 
it caused the patient no more disturbance 
to slip a film under him than to place him 
on a bedpan. Many others haA-^e Avritten on 
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the subject of acute small intestinal ob- 
struction, including Sante^®^ (i935)* Wan- 
gensteen^^'’’^^^ in 1937 discussed at great 
length the value of the roentgen method in 
collaboration with other methods, par- 
ticularly emphasizing that the roentgen 
ray furnishes reliable information, which 
can be learned in no other way, concerning 
two important particulars: (i) The grade 


decompression. Further studies may be 
made by introducing umbrathor through 
the tube into the intestine. One serious 
danger which always must be recognized 
when one employs intestinal intubation in 
the diagnosis or treatment of acute intes- 
tinal obstruction is that the obstruction 
may be mechanical and that delay in op- 
eration may result in fatal gangrene of the 


of intestinal distention and the location of 
the distended coils, and (z) whether free 
gas is present in the peritoneal cavity. 

In the study of suspected acute small 
bowel obstruction, very early objection 
was raised to the employment of bismuth 
or barium for fear of hastening the devel- 
opment of a complete obstruction. Some 
surgeons even protested against the use of 
barium for the study of the colon by the 
retrograde method, fearing an impaction 
might bring on an acute obstruction, and 
they recommended the use of a solution of 
sodium iodide. Case, beginning in 1912, 
had used barium sulfate routinely to sup- 
plement survey roentgenograms of the ab- 
domen in the study of suspected ileus but 
in later years to meet objections to the in- 
soluble heavy salts he recognized the value 
of the aqueous solution of thorium dioxide 
(umbrathor) and has used it in place oj 
barium sulfate for the study of suspected 
ileus for the last eighteen years. Umbra- 
thor, being an aqueous solution of thorium 
dioxide, remains fluid and presents no pos 
sibilitv of impaction above a stricture 
The present-day recommended tecti- 

nique for the study of ^ 

acute intestinal obstruction should include 

(l) survey roentgenograms of the abd , 

in the erect position if possible; if no . with 
the patient lying on the side 'vel ns 

suniiK- fa) the immediate administration 
7umbrathor when one 6rst s-pects 

obstruction so that in 

reaching a decision more definite t isualiz. 

rion win result when the h-mless nmbra- 

'inend no' phvsician dares to uui* . 
fe the use of the Miller-Abbott tube for 


bowel. 

Postoperative adhesions, intussusception 
and volvulus have been variously reported 
on, but gallstone ileus deserv''es special 
mention. Borman and Rigler*’ (^ 937 ) 
pointed out that gallstone ileus is suggested 
when in the presence of ileus one finds air 
in the biliary passages, the air having 
reached the biliar)^ tract through the in- 
ternal biliar}' fistula which gave passage to 
the gallstone when it found its way into 
the intestine. 

Diverticula of the duodenum were^ first 
described roentgenologically by Case'' an 
by Forssell and Key«“ in i phi' Jejuno- 
ileal diverticula were first reported as dis- 
covered in roentgen studies by pse,'' who 
in 1920 summarized his work of ten years. 

Contemporary valuable 

made by Cole and others,-^ and Roberts 

and later bv Stetten.-®' 

Tuberculosis of the small 

early studied by many, 

1|„ 20 S .209 ,vhose “vacant space _ came to 

known as Stierlin's sign f 
shown to be present not only m tubcrci 1- 
sis of the ileocecal region but also in other 
ukerative intestinal lesions. Carman-^ 
wrote several important ^y^ere 

ject. Other promment con, 

Brown and Sampson 

occasional meal. 

and occasional attention has 

tumors of the intestine, = nicntion. 
nant, by authors too n''"’"™ ;",nJ„eres, 
Within the last ten ,„ate 

has been injected m o (nreinorna 

. more definite the evidence ol 
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and other tumors of the small intestine by 
the employment of the intubation tech- 
nique popularized by a series of studies by 
members of the staff of the Department of 
Radiolog)’’, University of Pennsylvania, 
and associates in other clinical departments 
including Abbott and Pendergrass," Pen- 
dergrass et Miller and Abbott,^"' and 
possibly others. Many of these studies were 
based on intestinal intubation. 

Crohn, Ginzburg and Oppenheimer*® 
first described regional ileitis in 1932, con- 
cluding that it was a pathological and 
clinical entity. Homans and Hass^-® in 1933 
took issue with this idea, however, and in- 
sisted that regional ileitis was a clinical and 
not a pathological entity. Numerous publi- 
cations on this subject have appeared inthe 
literature, including that by Kantor,^®^ on 
the roentgen diagnosis. The original con- 
cept of Crohn with various modifications 
has been generally accepted. 

The crowning contribution to roentgen- 
ology of the small intestine is the recent 
book by GoldeiP®^ which summarizes the 
newer advances in roentgenology of the 
small bowel, and gives a very complete 
discussion of the roentgen evidences of dis- 
turbances of nutrition, allergic reactions, 
physiologic behavior of the jejuno-ileum in 
response to various foods and drugs, and 
an especially interesting analysis of the 
roentgen evidence in the so-called de- 
ficiency states. Golden summed up his own 
observations as well as those of Mackie, 
Miller and Rhoads,'®® Mackie and Pound,'®' 
Gershon-Cohen, Weber, and many others. 

Prior to 19Z4 the study of the gallbladder 
was conducted by the use of simple roent- 
genograms and by studies in which the or- 
dinary roentgenograms were supplemented 
by the injection of air or of opaque mate- 
rial into the stomach and duodenum and 
the colon. Carl Beck'®'"’'® (1898) was the 
first to publish roentgenograms of gall- 
stones in the living, including a cases in a 
report before the New York County Medi- 
cal Association in December, 1899. As Mc- 
Coy^^ later pointed out, there is some 
doubt as to the correctness of his diagnosis 


in these first 1 cases, but Beck did a great 
service to roentgenology in insisting on a 
number of technical factors to be observed 
in the exposure of the plates and in their 
interpretation. He also published a case of 
transposition of the viscera with a gall- 
stone on the left side. Occasional cases of 
roentgenological demonstration of gall- 
stones were also published by Kohler" 
(1904), Holland,'-® Matthias and Fett'®- 
(1905), and in 1910 at the meeting of the 
American Roentgen Ray Society in De- 
troit, Pfahler,'"®''" Haenisch"® and Cole"® 
each contributed reports on 3 cases. 
Case'-’’*® (1913) was the first to report the 
demonstration of gallstones in a consider- 
able number of individuals, finding gall- 
stones in 40 cases in a series of i,coo routine 
gastrointestinal examinations and in 8 
others. George and Gerber®® (1914) consid- 
ered that the roentgen findings in disease of 
the gallbladder were so common that they 
would in future include the gallbladder 
area in all gastrointestinal studies. Hol- 
land,'"' Pfahler,'" and Cole'®'" again wrote 
on the subject as did Case,®' George,®' 
Knox,"® Groedel,"' Palmer'®® and others. 
Haenisch'" in 1924 published a monograph 
on the roentgenologic investigation of the 
liver, the gallbladder and gallstones, in 
which he said he was stimulated by the 
American literature to make an intensive 
study and to give to his German colleagues 
the assurance that the subject deserved 
more attention than they had previously 
given to it. Case'® in 1913 had estimated 
that it was possible to show gallstones 
roentgenographically in about 40 per cent 
of the cases in which they were present, 
the percentage depending, of course, on the 
number containing lime salts in sufficient 
proportion to show on the roentgenograms. 
In 1923 Carman®' reported from the Mayo 
Clinic on 226 cases in which gallstones were 
found at operation, and stated that 38.4 
per cent were previously diagnosed by 
roentgen study (very close to the figure 
estimated by Case ten years before). Car- 
man emphasized the .already expressed 
general opinion that a negative report of 
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gallstones on the survey roentgenograms 

or this region was worthless. 

A new era of gallbladder diagnosis 
dawned when Graham and ColeJ®®'^®''^®^ 
assisted by Gopher and Moore, introduced 
a new method of gallbladder diagnosis 
utilizing the intravenous injection of tetra- 
bromphenolphthalein. This method was 
developed after patient experimental work 
based on the evidence of Abel and Rown- 
tree^* that the phenolphthaleins as a class 
were largely excreted in the bile. Graham 
and his associates applied the name 
“cholecystography” to the visualization of 
the gallbladder with tetrabromphenol- 
phthalein (later employing the sodium in- 
stead of the bromine salt), and the exposed 
roentgen films were called “cholecysto- 
grams.” 

Menees and Robinson^^ demonstrated 
the feasibility of the oral administration of 
the gallbladder dye. After a number of 
years of both intravenous and oral admin- 
istration of the dye by various investiga- 
tors, the idea of fractionating the gall- 
bladder dye for oral use was the final ad- 
vance needed for the oral method to 
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diagnosis was almost certain; 
with failure of visualization there was 7c 
per cent chance of stones; if no gallstone's 
were found in a gallbladder whicli was at 
all visualized, stones could be excluded 
with 95 per cent surety. 

Other important contributions relative 
to cholecystography include that of Car- 
man®’’’®®'^' and of Kirklin’®® and associates 
on cholecystography in general, and in par- 
ticular that of Kirklin on tumors of the 
gallbladder,i^o>^« Stewart and Ryan^®® on 
the advantages of division of the dose of 
the dye for cholecystography, Whitaker 
and Milliken®^® and Sosman et on the 
influence of various foods on the emptying 
of the gallbladder after visualization with 
dye. Today cholecystography stands on a 
firm foundation as one of the most reliable 
tests of cholecystic disease and for estimat- 
ing the motor function of the gallbladder. 
It is nowadays a rare event for a patient 
to be sent to surgery for the gallbladder in 
the face of normal cholecystographic find- 
ings. 

Ever since the early days of roentgenol- 
ogy, especially since the work of Emil 


almost completely supplant the intraven- 
ous administration of the phthalein com- 
pounds in gallbladder diagnosis. 

On a series of more than 500 cases studied 
with intravenous cholecystography and 
later checked by surger}' on the gallblad- 
der, Case®^’®^ was able to state that in 75 
per cent of cases where the gallbladder 
failed to visualize (“absence of shadow ) 
the probability of gallstones was 75 
cent; another 15 per cent were found to 
show gross gallbladder disease without 
stone, and 10 per cent of the cases showed 
extracholecystic biliary tract disease. 
error on the series of 106 cases showing “ab- 
sence of shadow” or failure to visualize 
%vas only 3 per cent; that is, only 3 cases 
were found at operation to be normal. His 
later experience with the divided oral doses 
gave equally accurate results. It followed 
from his statistical study (borne out bv 
further check on operated cases) that it 
gallstones were shown by cholecystogra- 


Beck^® on the visualization of fistulous 
tracts with bismuth paste, biliary fistulae 
have been studied with the roentgen rays 
after the injection of some form of opaque 
material, but this type of examination \yas 
not systematically employed or productive 
of important diagnostic aid until Tenny 
and Patterson^’® injected bile ducts with 
bismuth paste and made observations on 
the flow of bile. Cotte'®-'® Walzell,=’® Ginz.- 
burg and Benjamin,’®® Judd and Phil- 
lips,’®’ Kretchmar,”’ among others, intro- 
duced various opaque media, such as iodi- 
pin, umbrathor, thorotrast and hippuran 
and other preparations used for excretion 
urography, into biliary fistulae or tlirfuigh 
a T-tube. This method permitted not only 
the recognition of common duct stones !)ut 
also com^mon duct strictures, and assisted 
in the decision as to when the I-tubc might 
be removed. 

Mirizzi 5 ®®'’®’-’®= of Cordoba, .Argentina, 
is credited v.'ith being the first (1932) 
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gest cholangiography during operation. 
Saralegui^®® (i935)} of Buenos Aires, added 
much from his personal experience. Hicken 
Best and Hunt^^® made important contribu- 
tions to the direct roentgen visualization 
of the biliary tree during operation to deter- 
mine whether the ductal system is patent or 
obstracted, the position and number of 
calculi, the extent and location of stenotic 
lesions, the function of the sphincter of 
Oddi, also to outline communicating fis- 
tulae and to visualize dilatation and saccu- 
lation of the common duct. The injection 
of the biliary tract may be done immedi- 
ately during the course of and as a part of 
the surgical procedure, or it may be done 
later through tubes left at operation or 
through fistula. Thorotrast is perhaps the 
best opaque medium for this purpose, 
though many have found lipiodine satis- 
factory. A contribution by Bettman, Tan- 
nenbaum and Arens-® advocating immedi- 
ate cholangiography in the operating room 
when there is the slightest suspicion that a 
stone may be present in the common duct 
has further stimulated interest in this 
valuable means of avoiding sins of omis- 
sion in surgery of the biliary passages. 
Many hospitals are now equipped for the 
employment of cholangiography at the 
tableside in surgery of the biliary tract. 

The study of the liver was begun very 
earlv in the roentgen era bv the introduc- 
tion of air or gas into the stomach and 
colon to estimate the size of the liver. 
Beclere^® in 1911 described a method of 
orthodiagraphic examination of the liver, 
permitting the exact measurement of its 
diameters. As average figures for the nor- 
mal, he gave the extreme transverse diame- 
ter of the liver as cS cm., the anteropos- 
terior 17 cm., and the vertical diameter as 
8 cm. Pfahler^’® in 1926 also described the 
measurement of the liver by means of the 
roentgen ray in a contribution based on a 
study of 502 subjects. The behavior of the 
liver in cases of subphrenic and of intra- 
hepatic abscess was carefully investigated 
and reported on by many writers. Hydatid 
cysts of the liver usually show some cal- 
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cium in the walls of the cysts which per- 
mit their recognition. 

Metastatic nodules of malignant disease 
in the liver were difficult of demonstration 
until the introduction of hepatolienography 
(hepatosplenography). The intravenous in- 
jection of thorotrast for visualization of 
the liver and spleen was introduced by 
Oka^®"^ and by Radt,®®® based on the ten- 
dency of this compound to be deposited in 
the reticulo-endothelial cells. The pro- 
cedure was applied to the localization of 
tumors suspected of being located in the 
liver or spleen, to the diagnosis of cirrhosis 
of the liver and the recognition of abscesses, 
cysts, amyloidosis and other tumors, and 
particularly for the demonstration of me- 
tastatic invasion of the liver by malignant 
disease. Kadrnka,^®’ Stewart, Einhorn and 
Illick-®" and Yater and Otell--® made use of 
the method, the latter authors finding it 
very helpful. But serious theoretical ob- 
jections to the use of thorotrast were made 
by a number of clinicians, and the Council 
on Pharmacy and Chemistry of the Ameri- 
can Medical Association voted that thoro- 
trast be not accepted for intravenous ad- 
ministration because of the very imperfect 
elimination of the thorium dioxide, its 
fairly high alpha-ray activity, and the pos- 
sibility of further increase in its radioactiv- 
ity by partial conversion to mesothorium 
and radiothorium. Because of these possible 
latent dangers, the method was not recom- 
mended and only lately has it begun to re- 
gain some of its former popularity. This 
has occurred in spite of the experimental 
work which indicated potential menace as 
reported by Taft,-^'^ on the one hand, 
though, on the other hand, clinicians have 
not reported any serious ill effects. Rigler, 
Koucky and Abraham^®® in 1935 reported 
on the effects of thorium dioxide sol on the 
human liver, following up 180 patients of 
whom 22 had had the solution injected one, 
two or three years before without any un- 
toward results. Reeves and Apple^®' in 1933 
had advised the use of thorium dioxide sol 
(thorotrast) in the diagnosis of liver 
abscess. Again in 1936, in reiterating the 
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value of thorotrast hepatosplenography in 
liver abscess, Reeves^^^ stated that in an ex- 
perience of seven years he had not ob- 
served any ill effects in any of his patients. 
Yater^^® and his colleagues in 1936, later in 
1938, and finally Yater and Coe^^° in 1943, 
reporting on ten years’ experience with 
hepatosplenography, were unable to find 
evidence that thorotrast has contributed to 


vances in the design and manufacture of 
roentgenologic equipment have added 
much to the onward march of the clinical 
use of the roentgen rays. 

We dedicate our efforts to the future of 
gastrointestinal roentgenology with confi- 
dence that the emphasis will be placed on 
close cooperation between the radiologist 
and the referring physician. 


the death of any of 64 patients whose 
spleens and livers were studied with micro- 
scopic section after operation and death. 
Though 286 patients were followed over a 
period of more than ten years, no immedi- 
ate or remote ill effects of importance were 
discovered. There was no evidence of latent 
radioactivity, depression of hepatic or 
splenic or hematopoietic function, lowered 
resistance to infection or developrnent of 
malignant neoplasia at the site of injection. 
This method of hepatosplenography or 
hepatolienography continues to be of defi- 
nite value in the diagnosis of cirrhosis of 
the liver, to determine the presence of 
metastases in the liver, and m the diagno- 
sis of abscess of the liver. It seems that a 
concession may be made to the exper- 
mental results by reducing the amount of 
Xorotrast injected, depending on improve 
ments in roentgenographic technique to 
Compensate for the diminished dens.ty of 

'’’l keenly mvCre of the sketchiness of 
the feegoing account of the erolufon and 

CCe/ent value of toentgeno ogK a d m h 

:ltCfylong,itistealize^^ 

SUThli:rch%egretmd.Apo.o|. 
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Much space hat e bee^^^ 
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ROENTGEN DIAGNOSIS IN UROLOGIC DISORDERS 


By B. H. NICHOLS, M.D. 
Department of Roentgenology, Cleveland Clink 

CLEVELAND, OHIO 


T he discovery of the x-rays by Wilhelm 
Conrad Rdntgen in 1895 probably con- 
tributed more to urology than to any other 
branch of medicine. Previous urologic diag- 
noses were founded on evaluation of urinal- 
yses and palpable masses in the abdomen, 
often difficult or impossible to associate or 
dissociate with urinary tract lesions. This 
was particularly true of those of the kidney 
because of the wide variation in kidney 
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position. Bladder stones could be identified 
only by sounds or stone searchers. 

The difficulty in urologic diagnosis and 
the slow development of urology may be 
illustrated by the following facts: 

Perhaps the earliest mention of urologic 
diagnosis is in Eg>'ptian writings of 3000 
to 1150 B.C. The instruments used were 
bronze and imported tin knives, catheters. 
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Fig. 5. Female, aged twenty-nine, had hypertension 
with a systolic pressure of 2co mm. of mercury 
and a diastolic pressure of 122, for which she had 
every type of examination except investigation of 
urinary tract. Family history was negative. A left 
celiac ganglionectomy was done without beneficial 
result. Bilateral pyelograms showed a right duplex 
kidney, a left duplex kidney, two right ureters 
extending to the bladder, and the left ureter bi- 
furcated about midway. 

Pyelogram showed dilatation of the branch of 
the left ureter going to the upper calix which \yas 
somewhat blunted indicating partial obstruction 
at the point of bifurcation. This suggested a possi- 
ble cause for the patient’s hypertension. The lotycr 
half of the kidney was normal. The patient died 
from cerebral hemorrhage in about six months. 
Dr. Crile’s comment was: ‘‘The rapid progress of 
this case showed that there was little hope for re- 
lief of hypertension by adrenal sympathectomy m 
a hypertension due to nephritis. 
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strument, and until the advent of direct 
visualization, little was added during tliese 
centuries to methods of urologic diagnosis. 

Then, early in 1896, the world was as- 
tounded at the announcement of the dis- 
covery of the x-rays by Wilhelm Conrad 
Rontgen, and the urologist acquired a new 
aid to urologic diagnosis. Development of 
this science, however, was severely handi- 
capped by lack of progress in the manufac- 
ture of tubes and other equipment. 

The urinary tract was first made visible 
or opaque to roentgen rays by Tuffier^- in 



!G- 7. 1'emale, aged U\enty-five, complained of pain 
in the back for five years. At the time of pain 
patient had some fever and chills. She had no 
■"eight loss. A normal pregnancy two years prior 
had been complicated only by 
chills. Pjelogram revealed a fused kidney with 
three separate divisions and bifurcation of the left 
half, which showed extensive hydronephrosis, 
operation revealed a large globular mass (lemon- 
size) on the left. Turbid urine was expelled into 
the Wound after the sac was excised. The sac was 
resected from the normal tissue of the left kidney, 
nnd the stump was ligated. The pyelogram made 
Possible the diagnosis and elimination of the pa- 
tient s svTnptoms. 



Fig. 8. Female, aged forty-nine, complained of 
pniritus ani. A palpable mass, thought to be a 
kidney, was felt in the upper right portion of the 
abdomen. For years patient had frequency, occa- 
sional burning on urination, and some nocturia. 

Urogram showed a large globular enlargement 
of the low'cr pole of the right kidney, compressing 
the low’er portion of the kidney pelvis and dis- 
placing the ureter tow-ard the midline. Upper 
calices appeared normal and showed prompt func- 
tion. Operation was performed, and a large soli- 
tary c>st (orange-size) of the lower pole of the 
right kidney was resected. Ten years later the 
cyst had not recurred, and a well functioning 
kidney was present. Primary diagnosis was made 
by palpation of a mass and confirmed by a uro- 
gram. 

1897. He introduced an opaque ureteral 
catheter into the urinary tract and then 
made a roentgenogram. xApparently, how- 
ever, this method was not actually demon- 
strated until 1901, when Schmidt and 
Kolischer^ published roentgenograms with 
catheters in the ureters. Later observers 
used bougies impregnated with metal. 

Keyes,= writing in 1903, made the follow- 
ing comment: 
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riOi 9. Female, aged twenty-one complained of pain In the right side, inability to straighten right lea, weidit 
loss, weakness, nocturia, and frequency. Temperature was 102.5° T- Duration of symptoms was sk weeks 
iwenty-four hours before examination symptoms became worse. Palpation suggested mass in right kidney 
region. Roentgenogram of the urinary tract showed a mass at lower pole of right kidney, left .scoliosis, and 
loss or right psoas muscle border (yf). Roentgenogram on deep breathing showed no movement of riaht 
kidney, whereas downward excursion of left kidney was normal. 

Pyelogram showed normal left kidney. Right kidney was deformed by a mass extrinsic to the outer 
lower pole (B). These findings suggested perinephritic abscess. After drainage, injection of bismuth paste 
into the fistulous tract showed extension of the abscess through the retroperitoneal area (C). This was a 
tuberculous infection- Kidney excursion may be demonstrated by double exposure of a film of the urinary 
tract; one on inhalation and one on exhalation. 
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To. 10. Male aged fortv-nine, gave a history of acute colic and hematuria. A calculus uas .sus{>ected mine 
left kidney Vvelogram of the left kidney showed pronounced dilatation of the extreme lover 
»tl. som?i„dL*c,„ess of the outline of the wall (^). Impression was early renal ,„i,erc.,l„s,s. fnnalts,. 

'’’Bevtrm'onths'laSr the patient complained of continued intermittent hemyrnia i™' I®" " 
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“Radiograph is useful in all cases and tells the 
surgeon where to look for calculi and relieves 
him of responsibility as to the presence of addi- 
tional calculi in the ureter or kidney, which 
might be difficult to locate in the course of op- 
eration.” 



Fig. II. Female, aged si\ty-five, had p.ain in the 
upper portion of the abdomen. Clinical impression 
was questionable splenomegaly. Abdominal exami- 
nation revealed laree, freely movable, soft mass 
extending from upper left quadrant to umbilicus. 
There was tenderness over the mass. Urine was 
normal; leukocytes 7,Soo; hemoglobin 71 per cent; 
er} throcytes a,i io,oco. Roentgenogram of the uri- 
nary tract revealed no suggestive urinary tract 
shadows. Right kidney was normal; left kidney 
w as lara:e. 

Urogram show ed prompt function of both kid- 
neys. The nght kidney appeared normal. There 
was no obstniction. A large tumor mass occupied 
the upper pole of the left kidney, w hich was dis- 
placed dow nw ard w’ith marked compression of the 
pelvis. Total renal function was below normal. 
Impression was large hypernephroma of the left 
kidney. Survey for metastasis revealed none in 
the bones or chest. Roentgen therapy was given 
daily for one month, alternating anterior and pos- 
terior fields every other day. The patient died 
after six months. 

This case illustrates the necessity of early diag- 
nosis of kidney tumor, which is often first sug- 
gested by an abdominal mass, and w’hich may be 
confirmed by urogram or pyelogram. In less than 
half the cases of hypernephroma does bleeding or 
other tirinary symptoms appear until late in the 
disease. Excretory urography will often disclose 
such a lesion in an early state, thereby offering 
through surgery the only hope of cure. 



Fig. 12. Female, aged thirty-six, had headaches and 
irregular menstrual periods. She had diabetes 
melhtus and hirsutism of upper lip, chin, cheek, 
and arms. Impression was hyperadrenalism and 
possible adrenal tumor. Routine roentgen exami- 
nation did not show enlargement of adrenal glands 
or presence of tumor. Air injection revealed the 
kidne}'s and adrenal glands to be free from tumor 
and about normal in size. 

Roentgen examination after the introduction of 
air perirenally made it possible to rule out the 
adrenals as a cause of symptoms. This illustration 
shows visualization of the right adrenal. 

Next, an attempt was made to visualize 
tlie urinary tract by opaque media. Klose,® 
who had been using bismuth to visualize 
the gastrointestinal tract, introduced an 
emulsion of bismuth into the pelvis and 
ureter. The contrast, however, was not suf- 
ficient for diagnostic purposes. Not until 
1906, about ten years after the discovery 
of the roentgen ray, was the urinary tract 
successfully '^dsualized. Using a 5 per cent 
solution of colloidal silver, Voelcker and 
Lichtenberg^® made the first satisfactory 
pvelogram. 

They clearly demonstrated the value of 
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Fig. 13. Female, aged sixty-three, complained of 
attacks of pain in the lumbar region radiating to 
the lower abdomen, burning at the neck of the 
bladder, nocturia, and frequency. Previous cys- 
toscopy showed a non-functioning left kidney and 
poorly functioning right kidney. Urinalysis was 
essentially normal. Cystoscopic examination 
showed trigonitis. A pyelogram showed multiple 
congenital ureteral cysts. A left nephrectomy was 
done, and the pathologic report revealed atrophy 
and fibrosis, hydronephrosis, some stenosis at the 
ureteropelvic junction, and multiple ureteral cysts. 
It would have been impossible to make this diag- 
nosis without urography. 
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Fig. 15. Male, aged thirteen. Diagnosis was left hydronephrosis due to aberrant vessel at lower pole {A)- 
Roentgen examination, particularly an excretory urogram, made possible early detection. So often when 
this condition occurs on the right side, the patient is operated upon for appendicitis, gallbladder disease, or 
duodenal ulcer before a correct diagnosis is made. Or when it occurs on the left side, intestinal obstruction 
or another lesion is often first suspected before the kidney is examined. 

The injected specimen illustrates the course of the aberrant vessel which produced the intermittent ob- 
struction of the upper ureter with secondary hydronephrosis (B). In undiagnosed cases such a condition 
often results in complete destruction of the kidney before proper surgical treatment is instigated. 



Fig. 16. hlale, aged thirtv-two, had frequency, burning on urination, and tenderness over the abdomen from 
symphysis to umbilicus. Prostate was indurated but of normal size. Cystogram showed large diverticulum 
in right anterior bladder quadrant with slight retention (z/). The lower portion of the bladder w as somew hat 
irregular. Urogram showed moderate hydronephrosis and dilatation of the lower left ureter ( 5 ^ Impression 
'_^as a large diverticulum of the bladder in the right upper quadrant and a bladder turner. Total kidney 
function was good. Because the lesion was so extensive, a transurethral resection was none and radium 
implanted. Patient died three months after first examination of inoperable carcinoma of the bladder. 

This case illustrates the possibility of overlooking even large bladder lesions if onl> a c> stogram is made, 
particularly if no roentgenogram is made after emptying the bladder. 
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Fig. 1 8 . In 1941 Trattner”made a preliminary report 
on the injection of the prostate gland with a par- 
tition catheter which makes possible visualization 
of the tubulo-alveolar units. The prostate gland 
on rare occasions had been visualized, particularly 
during a ureterogram, in patients who had ab- 
scesses from fistulous tracts or ev'en a large ana- 
tomic orifice. Trattner’s catheter with its two 
balloons, one for closure of the vesical neck and 
the other for blockage of the distal urethra, makes it 
possible to isolate the prostatic area from the rest 
of the urethra and from the bladder, and to intro- 
duce and retain fluid in the partitioned portion. 
By introduction of solutions into the tubulo- 
alveolar area of the prostate, roentgen visualization 
may be accomplished. The author uses diodrast 
solution of 50 to 75 per cent. 

The following conditions may be determined by 


this method of examination: presence of a norma! 
prostate, enlargement of the ducts, cavitation 
from abscess, presence of a cyst, obstruction of a 
duct by stone, prostatic hypertrophy with inflam- 
mation or interstitial fibrosis. Jn addition, a di- 
verticulum or a fistula in the prostatic urctlir.i 
may be visualized. 

Excessive pressure during injection or an ex- 
cessive amount of opaque medium ma.v p.-oduce 
extravasation into the prostafic tis.sue antj 
should be avoided. // show.s a norm.-'! prcr.tatc, 
B shows abscess of the left side of the prefafe. 

This method of e.xamining the prostate, one of 
the latest developments in urology, tn.Tkcs 
the diagnosis and treatment of certain j-athohigor 
conditions in the prostate gland (Fig. i ', /f an l 
B, courtesy of Trattncr.'^) 
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pyelography in the diagnosis of liydroneph- 
rosis and suggested the possibility of its 
value in tumors. Many other observers fol- 
lowed with the diagnosis of numerous 
pathologic conditions in the urinary tract. 

In 1911 Lichtenberg and Dietlen' re- 
ported a series of pyelograms after the in- 
troduction of oxygen into the urinary tract. 
Many attempts were made to obtain a sat- 
isfactory medium by improA^ement of sil- 
ver salts. Notably, BraascM in 1913 rec- 
ommended that colloid silver crystals be 
pulverized, dissolved in lukewarm water, 
and carefully filtered. 

hlany attempts were also made to aid in 
filling of the ureters by changes in the pa- 
tient’s position, such as the erect and the 
moderate Trendelenburg position. 

Braasch- in 1912 called attention to the 
value of pyelography in the diagnosis of 
renal tuberculosis and in the accurate loca- 
tion of many of the more important urinary 
tract lesions. He also contributed greatly 
to the interpretation of inflammatory 
changes in the kidney by the use of pye- 
lography. 

Some fatalities from pyelography Avere 
obserA'ed by A'arious urologists and roent- 
genologists. The RAmilable media in the 
early days seemed to be the most important 
problem. BraasclT in 1915 in reporting 
1,000 pyelograms made the folloAving com- 
ment; 

Efforts should be made to discoA'er a substance 
Avhich will not injure the kidney, under any 
circumstances, and Avhich may be safely em- 
ployed in the hands of those Avith limited ex- 
perience. 

Bilateral pyelograms made Avith sodium 
iodide AA’ere often considered unsafe, but 
not until 1929 Avas this medium improA'^ed. 
Then RoAvntree® and his co-Avorkers demon- 
strated the possibilitA' of excretorA' urogra- 
phy 

Avith the intraA^enous use of sodium 
iodide, although this medium Avas not suf- 
ficiently concentrated in the kidney for any 
Practicable purpose. About this time, Binz^ 
^ Berlin Avas studying the selectan drugs, 
fhis came to the notice of Lichtenberg. 
bie selected one preparation secreted by the 


kidney and Avith the aid of one of his asso- 
ciates, SAvick,^® accomplished an alternation 
in the No. 9 group of the drug selectan and 
found duroselectan to be of sufficient con- 
centration and nontoxicity for practical 
use. Thus, uroselectan came into being. 
This Avas the beginning of intraA''enous urog- 
raphy. 

In 1930 Avith Dr. William E. LoAver I 
saAv a demonstration by SAvick of excretory 
urography in Dr. Leopold Jaches’ labora- 
tory in jMount Sinai Hospital, NeAv York. 
Since that time, hoAveA'er, neAV combina- 
tions have become very satisfactory for ex- 
cretory urography. By use of uroselectan 
many examinations are possible that could 
not preAUously be done by pyelography: the 
study of the urinary tract during preg- 
nancy; the examination of the urinary 
tract in children, Avhich may be accom- 
plished by injecting the medium subcuta- 
neously; the study of the kidneys and ure- 
ters in patients after transplantation of the 
ureters into the rectosigmoid; Avhen pros- 
tate hypertrophy or lesions in the bladder 
preclude cystoscopy. 

It is impossible in this contribution to 
refer to all of the urologists and roentgen- 
ologists, of AAffiom tliere Avere many, whose 
untiring labors and contributions made pos- 
sible the present status of roentgenology 
in urology. 

In the accompanying illustrations and 
case histories are described a fcAV practical 
applications of the roentgen ray in urology. 
These draAV attention to the high tribute 
due Wilhelm Conrad Rontgen, Avho by his 
labors and perspicacity made urology one 
of tlie great specialties of medicine. 
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BACKGROUND AND BEGINNING OF 
CHOLECYSTOGRAPHY 


By B. R. KIRKLIN, M.D. 
Section ou Roentgenology, Mayo Clinic 

ROCHESTER, MINNESOTA 


F or almost thirty years the history of 
the roentgenology of the gallbladder 
was that of a constant purpose scantily ful- 
filled but tenaciously maintained in the 
face of difficulties. The record is marked by 
trial and error, by fresh hopes and new dis- 
appointments, by fruitless efforts and par- 
tial successes, all alternating with long 
periods of apparent stasis. Yet through all 
tliese years tlie real or fancied progress was 
sufficient to encourage persistence in the 
original design and inspire the renewed en- 
deavor tliat led to an epochal advance. In- 
deed, it might reasonably be contended 
that the present highly developed art is 
wholly tlie product of the unswerving aim 
and persevering will of men. But whether 
it represents a purely human triumph, a 
natural outgrowth in the evolution of medi- 
cine or an inevitable resultant of fortuitous 
forces, physician and patient alike have 
reason to be glad that it exists. 

When tlie roentgen rays were first pre- 
sented to a marv'-eling world late in 1895, 
the first thought was of their potential ap- 
plication to medicine, and diis thought 
was furtlier stimulated by Rbntgen’s de- 
piction of his wife’s hand. Roentgeno- 
graphic revelation of bones was quickly 
followed by tlie demonstration of foreign 
bodies. Then concretions in tlie human 
body came into consideration. Gallstones 
that had been removed were subjected to 
roentgenography by various investigators 
nnd it was quickly learned tliat gallstones 
containing calcium cast appreciable shad- 
ows but that stones composed of cholesterol 
Could scarcely be depicted. Early in 1897, 
little more tliaii a year after Rdntgen’s dis- 
covety was announced, Buxbauni,® of 
' lenna, succeeded in securing shadows of 
gallstones in 4 of more tlian 30 patients 
examined. In 1900 an American, Beck," 


was similarly successful in 2 cases. For more 
tlian a decade longer, roentgenologic exam- 
ination of tlie gallbladder was confined to 
searching for shadows of gallstones. Ap- 
paratus was crude, gas tubes were fickle 
and demonstrations of the shadows were 
disappointingly rare. 

Meantime, the examination of the ali- 
mentary canal with opaque media was de- 
veloping rapidly, and in 1910 Schurmayer,® 
followed later by others, directed efforts 
toward tlie indirect diagnosis of cholecystic 
disease by disclosing signs of pericholecystic 
adhesions, such as fixation, displacement 
or deformity of the pyloric end of the stom- 
ach, the duodenum or the hepatic flexure 
of the colon. Other investigators pursued 
this metliod of approach and, altliough its 
results were not often fruitful, it served at 
least to stimulate interest in tlie entire 
problem. During the succeeding period 
came the development of the interrupter- 
less transformer and of tlie Coolidge tube, 
inventions that facilitated all roentgeno- 
logic examinations, and study of the gall- 
bladder received increasing attention. In 
1917 George and Leonard'' announced that 
in certain instances they had been able to 
produce and distinguish a shadow of the 
gallbladder when neitlier gallstones nor 
deposits of calcium were present. Furtlier, 
they assumed, as a working hypothesis, 
that only when some pathologic change had 
taken place in the walls of the gallbladder 
or its contents would its shadow be de- 
picted. To secure and discern the shadow, 
a scrupulou^s roentgenograpiiic technique 
and careful scrutiny were requisite and 
only a few workers, who were willing to 
exercise such care, ivere rewarded with an 
increased efficiency in diagnosis. 

Thereafter three bases for the diagnosis 
of cholecystic disease were available: name- 
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jy, shadows of gallstones, signs of pericho- 
lecystic adhesions and the shadow of the 
gallbladder. Each basis had constituted 


Dccemut.s, ip, 

'One evening in the winter of 1022’ 


said Graham/' “the idea occurred to 


me 


step forward; yet after thirty y/aRdheToal Ro'v„tel,;.d d;',,;;;! 

desired had not been reached riin(T ^ • i chiorinated phe- 

«Ni asir,," )?s s* 

skill, patience and courage and althoue-h t ^ i possible, by 

few roentgenologists could point to a ffirly atoms wh^’ch woidd h 
high proportion of correct diagnoses, the to obtain a slSdmv 

cho? method for the diagnosis of After several months he obtafned some of 

cholec>stic disease was not generally held the free acid of tetraiodophenolphthalein 
111 high esteem. Nevertheless the medical To render it more soluble ft was fonverted 
profession will always be indebted to those into the sodium salt and in fulv 1021 it 
men who fought a good fight and kept the was injected intravenously into six do<ts bv 
aith. Among them, in addition to those Graham’s associate, Warren Cole. 

^ named, were Pfahler, Cole, Case Inonlyonedogwasashadowofthcaall- 
and Manges America; Knox and Holland bladder obtained and that shadow was 
m England, Beclere, Mauclaire and Infroit faint. On inquiry it was learned that by an 
in France; Gottschalk, Haenisch, Witte, oversight this dog had been required to 
Matthias and Fett in Germany and Mac- fast, while the other five had been fed as in- 
ieod, the Scot, in China. Besides these structed. “From the standpoint of the fu- 
there were many others less conspicuous ture development of cholecystography,” 
who aided in the common cause. said Graham, “we often feel grateful to that 

When the year 1922 was reached on the one dog which cast a shadow, probably be- 
calendar, examination of the alimentary cause he was accidentally given no food. 
canal and the urinary tract with opaque If we had failed to get a shadow in all these 
media had attained a high degree of excel- animals, we probably would have abancl- 
lence and the possibility of extending this oned the whole idea as a fruitless one. It is 
method to other hollow viscera was obvi- curious on how fragile a thread the destiny 
ous. Rowntree and his associates^ had of some events hangs, 
shown that kidneys and renal pelves could Witli hope thus revived, Graham con- 
be depicted roentgenograph ically after ad- tinued his experiments and iidded Copher 
ministration of sodium iodide in large to the group conducting the investigation, 
doses. Abel and Rowntree' long before had Several animals died after injection ot ii 
determined that chlorinated phenolphtlial- moderate dose; only later was it learned 
ein is excreted chiefly in the bile; Rous and that the deaths veie pto la ) \ ^ 

McMasterS had proved that the gallblad- purities in the iodine compound, i Rannmc 


der has the faculty of concentrating bile, 
and chemists had become proficient, in 
forming new compounds by substitution. 
In retrospect, it is easy now to see tliat die 
stage was admirably set for the introduc- 
tion of cholecystography but the full sig- 
nificance of these events and the logic of 
associating them together were not then 
readily apparent and the men of medicine, 
with one exception, continued 
wish that a way of making die _ 
plainly visible with the roentgen rays might 
be found. That exception was Evarts .^m 
brose Graham. 


recourse was liad to the sodium salt of tc- 
trabromphenolphtlialein. h.xcclicnt shad- 
ows of the gallbladder with less toxic ef- 
fects from the drug were obtained in dogs. 
Finally a colored woman wlio presented a 
characteristic clinical picture of gallstones 
was given a carefully calculated dose of t he 
broniine salt. To the consiernafion of die 
investiuators, no shadow of the galliiladdet 



the reason for failure of the dr-e.i'US 
bladder to produce a sluulow v/;r. rhaf 
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organ could not proper!}^ concentrate the 
dve-laden bile. Accordingly tlie dve was 
given to a few persons whose gallbladders 
were supposed to be normal and good sha- 
dows y^ere secured. 

Thus it became clear that to obtain a 
distinct shadow the following conditions 
were necessary: “First, tlie material must 
get into tlie blood stream in sufficient 
amount. Second, it must be excreted by the 
liver into the bile in sufficient amount. 
Third, it must get into the gallbladder. 
Fourtli, the gallbladder must be sufficiently 
normal to be able to concentrate its con- 
tents adequately by the absorption of 
water. If a single link in this chain of 
events were defective then either faint 
visualization or non-visualization ivould 
occur.” On this rational basis tlie experi- 
ments proceeded with increasing success. 
The new method was demonstrated before 
theCongressofInternal Medicine atSt.Louis 
in February, 1924, and a preliminary report 
by Graham and Cole was published in that 
niontli. Cholecystography was on its way. 

In 1925 ^Yhitaker and Milliken^® con- 
cluded from experiments on animals tliat 
the sodium salt of tetraiodophenolphthal- 
em was preferable to tlie bromine com- 
pound, for the iodine compound could be 
given in a smaller dose and with less haz- 
ard of any toxic effect. Sliortly thereafter 
Menees and RobinsoiF found that either 
the bromine or the iodine combination 
could be given to patients orally instead of 

mtravenbiislv. 


Roentgenologists everywhere then has- 
tened to apply the test and, altiiough much 
.^si'oained to be learned, the immediate 
^ciency of the method was surprising. 
Buring its twenty years of existence, prog- 
I’css in cholecystography has been marked 


bv 


experiments with different mediums. 


ebate as to the relative efficiency of the 
05^1 a.nd intravenous methods, investiga- 
tions into the prevention and treatment of 
Reactions from the drug, studies on the ef- 
6 Cts of food, drugs and intercurrent dis- 
^ase on the cholecystographic response, 
cia s of various vehicles for oral adminis- 
tation, determination of the optimal time 


of oral administration in relation to tlie 
meal and the appropriate quantity and 
quality of tlie meal, application of the vari- 
ous fatty meals to induce emptying of the 
gallbladder at the proper stage of examina- 
tion, experiments with administration 
through the duodenal tube and by enema, 
advances in roentgenographic technique 
and in tlie interpretation of cholecysto- 
grams and acceleration of research into the 
physiolog}' of the gallbladder. Hundreds of 
informative contributions to the literature 
have been made. As a result of these and 
other accretions and adjustments, chole- 
cystography today ranks high among 
major methods of examination and diag- 
nosis and is justly esteemed to be an almost 
indispensable adjunct to clinical medicine. 
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diagnosis. 

Refinements in technique and diaenods 
began to multiply after World War I in 
response to demands made upon their 
roentgenologic colleagues by members of 
one of the nwest specialties, namely, 

names of 
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S roentgenography by ce'n tofes Ind" efforts however, stimulated otIicR, 
coyery of the lanet required onh^ a fami ' Tv * beginnings, a ntodern 

lanzation with tlie^ roentgenoaraohic v K1 ’'■’s become indis- 
appearance of well known anatonhLl ••'"‘i neurosurgical 

Structures. This was particularly difficult, 
however, in the case of such a complicated 
region as the skull, and later on, when tlie 
techniques became available, of the brain. 

Progress at first was slow, hampered bv 

crude machinpq bulky glass plaL, slow ne;ro7arge;."Tffi:; 1*" nmn 

verseTv the emulsions. Con- roentgenologists who are primariJv con- 

versely, the development of roentgen ap- cerned with craniocerebral diagnose,^ becin 
paratus up to the modern anode rotating to appear in the i92o’s anti isjo’s from 
tube, the application of stereoscopy to centers of neurosurgery: Reynolds', Sosman, 
roentgenography, me introduction of films, Pancoast, Pendergrass, Moore, Chanibcr- 
Potter-Bucky diaphragrn, intensifying lain, Camp, Dyke, Warren, Childes, Korn- 
screens and the application of contrast feld and many of their pupils, and across 
media to the study of the skull and its con- the Atlantic, Schuller, Sgalitzcr, Lysholm, 
tents have led to such extensive develop- Lindgren, 7 wining, and others, 
ment in^ this field of knowledge that one The utilization of knowledge of normal 
may be justified in applying to it the term anatomical appearances on the roentgeno- 
neuroroentgenology and recognizing its ex- gram is particularly •well illustrated by the 
ponents as neuroroentgenologists. recognition of the importance of the loc.i' 

However, it would be short sighted, in- tion of the pineal shadow. In ipiS SebiiUer, 
deed, to credit this progress to mechanical 
developments alone, without taking into 
consideration the influence of demand aris- 
ing from developments in other fields, such ^ _ 

as neurological surgery, and above all the gram of the skull usually indicates die pre>- 
human spirit behind these mechanical de- ence of a mass on the side ol the >r.iin 


and in 1925, Nafl'ziger called attention to 
the fact that the shift of this shadow away 
from its normal midline position in the .m- 
teroposterior or posteroantcrlor roengeno- 


velopments, as well as the spirit that drives 
men to utilize them for man's needs as 
quickly as possible. 

It is astonishing to find in the medical 
literature of 1900, 1901 and 1902, only five 
to seven years after Rdntgen's discovery, 
papers, such, for example, as Benedikt's, 

devoted exclusively to the application of - , u to 

the roentgen ray to “diseases of the skul ence r^nfriunofmar,., brain 

and brain.” It is true that the eagerness of extent also of the 
the early audiors to use this great discov- 
ery as an aid in the diagnosis of disease led 
them, unfortunately, to fail to inform them- 
selves adequately about the appearance of 
normal structures in the roentgenogram. 


from which the pineal .shadow lia.^; been di>-' 
placed. This was followed by the sruda-f- o? 

Vasdne and Kinney (19^7} 

(ipjo), all pupils of .'^’osman, on the uiart^^ 
ing'of the normal position of the shauow 0? 
the pineal gland ns seen in the 
roentgenogram of the skull, thuN io=np->- 
incr this most valuable sndicatoro? the p.^ ■ 


tumors. 


Other special studies o 


fnomislsTrtU'turc- 


such as the oprn; foramni 
and the petrous pyramni'’ 
vers), while applicable to 
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situationsj werej nevertlieless of great value gas has been injected into die ventricles, 

in certain groups of cases. The original diapositive is now superim- 

With techniques dius well established posed on the negative encephalogram. The 
and anatomical structures, in spite of wide positive of the first film blots out the neg- 
variations, presenting familiar appearances, tive of the second film, leaving in sharp con- 
the field was open to discoveries of changes trast the shadows not common to both 
characteristic of certain pathological states films, namely, that of the gas-filled spaces, 
as seen in the roentgenograms of the skull. The same technique may of course be used 
In every branch of craniocerebral disease before and after arteriography, 

the contribution of roentgenography in The principle of introducing a substance 
diagnosis has become extremely valuable, into die body which will cast a contrasting 
whether it be in the recognition of congeni- shadow on the roentgenogram and thus 
tal anomalies, die results of trauma, the outline a hollow organ or a potential cavity 

changes associated with tumors, infections was developed quite early in die history of 

or nutritional diseases. It would be inipos- roentgenography. As early as 1898 Cannon 
sible, in this brief presentation, to mention made use of it by introducing a bismuth 

all of the contributors to the progress in mixture into die gastrointestinal tract, and 

this field, and unfair to leave any of them out. in 1905 Robinsohn and WerndorfF were al- 

In die midst of all this activity, a new ready injecting pure oxygen into joint 

technique in roentgenography appeared cavities, sinus tracts, tendon sheaths and 

which has already proved itself of greatest tissue planes and obtaining roentgeno- 

importance in neuroroentgenography and grams of structures otherwise invisible. In 

deserves special mention, namely, planig- 1913 Luckett published reproductions of 

raphy. It would be repetitious, for readers ventriculograms occurring spontaneously 

of diis Journal, for me to describe the in a patient who had sustained a fracture 

principle and technique of this new devel- of the right frontal bone, as a result of 

opnient. The idea, in fact, was already which air was obviously insufflated into 

patented, as long ago as 1922 by Bocage the ventricles through the fracture defect, 

in France, but the credit for its develop- The patient survived, so tliat air in tlie 

ment and application to clinical roent- ventricles was obviously not fatal. But both 

genography belongs to a young Dutch the autlior of this paper and his readers 

scientist, Ziedses des Plantes. It is a matter failed to see the significance of this observa- 

of particular pride to neuroroentgenologists tion. It was not until 1918 that Dandy first 

that Ziedses des Plantes is primarily a neu- introduced air intentionally into tlie human 
ropsychiatrist, and while planigraphy is ap- ventricular system. His first case was that 
plicable to other parts of the body, his pri- of a child widr hydrocephalus in whom he 

inary interest was to improve tlie roentgen- introduced the air directly by puncturing 

ologic technique in relation to the skull and the ventricles through an open fontanelle. 
its contents. Dandy also devised tlie method of intro- 

Ziedses des Plantes is also responsible for ducing air by means of lumbar puncture, 
a less well known technique which he calls and was the first to try other gases, such as 

subtraction. This consists of making a pre- oxygen, in place of air. This discovery was 

liniinary roentgenogram of the skull, from made use of by many workers and the ap- 

'yhich a diapositive is made, with tlie pa- plication of it has resulted in a very large 

tient’s head so fixed tliat tlie exact same number of contributions to our understand- 

position can be repeated later. This is ac- ingoftheanatomy/wy/yo of tlie brain and of 

coniplished by haidng the patient bite into many of tlie diseases of the nervous system, 

a softened mass of dental wax that is fixed OAer methods of roentgenologic study 
to a rigid frame. Later on, tlie hardened of tlie brain were being developed mean- 

yax, which fits tlie patient’s mouth exactly, while. Thus in 1 927 Egas Moniz introduced 

fflrces tlie head into the original position, cerebral arteriography. His method con- 
Tlie second roentgenogram is made after sisted of exposing the common carotid ar- 
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tery surgically, and injecting a contrast 
medium— at first sodium iodide but later 
thorium dioxide-and taking successive 
roentgenograms of the skull to obtain a 
graphic representation of first the arterial, 
men the venous pattern of the side of the 
brain injected. In 1936 Loman and Myer- 
soh modified the procedure by devising a 
method of injecting the radiopaque ma- 
terial into the carotid artery by needle 
puncture through the intact skin without 
surgical exposure of the vessel. This method 
of examination is of particular value in the 
diagnosis of cerebral aneurysms, angiomas 
and other vascular tumors. It is also prov- 
ing valuable in the differential diagnoses 
of various types of gliomas, many of which 
like the glioblastoma multiforme, have 
rather characteristic vascular patterns. 

Other methods of studying the brain 
have also been recommended but have 
gained fewer adherents than the above 
methods because of some inherent dangers 
to the patient. Among these are the use of 
thorium dioxide in the ventricles of the 
brain; lipiodol introduced into the ven- 
tricles ‘-of the brain, and a mixture of gas 
and lipiodol — favored so much by Balado 
and his pupils. 

Some of our present methods may in the 
course of time be modified, displaced or 
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completely discarded, but there can be no 
doubt about at least one thing, and that is 
that however far the science of neuroroent- 
genology has progressed to date, its great- 
est development still lies in the future. 

Montefiore Hospital 
Gun Hill Road 
New York 67, N. Y. 
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EARLY HISTORY OF ROENTGENOLOGY 
OF THE SINUSES 

By RAMSAY SPILLMAN, M.D. 

NEW YORK, NEW YORK 


A S HISTORIAN of the x^merican Roent- 
^ gen Ray Society I liave been asked to 
contribute something appropriate for the 
semicentennial of the discovery of the 
roentgen ray. To recount this discovery 
and its immediate consequences would be 
only to tell again what has been adequately 
covered by Glasser.® A survey of injuries 
resulting from the use of the ray by the 
pioneers would add little to what is already 
familiar through the writings of Colwell 
and Russ/ and Percy Brown .- 1 have there- 
fore chosen a topic on which I have had the 
opportunity to unearth some historical ma- 
terial which is apparently not known to 
many of our profession, and which I be- 
lieve deserves recording: the evolution of 
the early roentgen study of the nasal si- 
nuses. It is fairly common knowledge that 
American roentgenology of the sinuses be- 
pn with the late Dr, E. W. Caldwell, and 
it is known to those who were close to 
Caldwell that he was stimulated by seeing 
roentgenograms brought over from Ger- 
many. But it took considerable investiga- 
tion to learn the source of those original 
roentgenograms. I have been able to trace 
them to tlieir source and shall give this his- 
tory a little farther on. 

The young roentgenologist of today, or 
the rhinologist who does his own sinus 
roentgenography, is apt to have little con- 
ception of the laborious steps by which the 
art was developed to the point where it was 
offered to him. It was not unknown, before 
this diagnostic aid was available, to have 
the following sequence of events: frontal 
pain, density on transillumination, surgical 
approach with hammer and chisel, with per- 
foration of the cranial cavity because there 
Was no frontal sinus there; meningitis, and 
ao sulfa drugs or penicillin. It was to fore- 
stall this unhappy situation that the newly 
discovered ray was applied to determine 


whether or not there was a frontal sinus in 
these patients. 

As early as 1896 Scheier^^ reported having 
localized a bullet in the cranial cavity, not 
only in lateral projection but in the frontal, 
but to show a bullet was one thing and to 
show the outline of the frontal sinuses in 
the frontal projection was another. In 1902 
Beck^ mentioned frontal views as a matter 
of routine, but the reproduction of the lat- 
eral projection in the reference cited would 
not lead to much optimism about the value 
of the frontal view. In 1902 Winckler^® re- 
produced excellent frontal exposures of the 
dried skull, but confessed his inability to 
produce worthwhile frontal plates of the 
living. In 1903 Holzknecht® praised Winck- 
ler® for his contribution to the intei-pre- 
tation of lateral roentgenograms but was 
quite critical of him for failing to produce 
frontal views of the living. Holzknecht 
stated that by using better immobilization 
than Winckler's lateral roentgenograms 
showed, and coning down the rays with a 
lead diaphragm, he produced routinely as 
good frontal roentgenograms on the living 
as Winckler did on the dried skull. 

In 1902 Philipp” of San Francisco inde- 
pendently duplicated the procedure of 
Scheier and of Winckler, to determine that 
his patient had a frontal sinus, and on a 
lateral roentgenogram noted to have been 
made by Mr. Cox of the San Francisco 
Polyclinic that required eight minutes’ ex- 
posure at a distance of 20 inches, he demon- 
strated not only that there was a frontal 
sinus, but that die tip of his exploring sound 
was in it. 

However, the spark that was to activate 
the development of sinus roentgenology in 
x^merica was to come in 1904, when Dr. 
F. C. Ard, returning from a visit to Kil- 
lian’s clinic in Freiburg, brought to Dr. 
Cornelius G, Coakley in New York “a 
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plate showing normal frontal sinuses and 
one in which suppuration couid be readilv 
diagnosed. ... Dr. Ard stated that the pal 
tient lay prone on his face, a photographic 
plate being placed under the forehead and 
the tube with a compression apparatus 
placed on the occiput. The time of exp 
was stated to be 3I minutes.^’-^ 


Dr. 


Ramsay Spillman 

gen^ams for Dr. Coakley, wl,„ ,v„„ld 




l>ut_glass plates until 


)osure 


their manulacture was discontinued. 

i had often wondered as to the source of 
the roentgenograms that went from Ard to 
Coakley to Caldwell, but only when I 
searched the literature for 1907 did I find 

boden, but his spirit was still veo^ much selves with the appHcation^an^thraisag" 

1 9^.3 and is in 1945, nostic value of this method and in 19I4 
r \A A picture of Dr, Goidmann exhibited numerous skiaarams 

Caldwelb and a first-hand vivid recollec- before the Congress of South German 
tion of Dr. Coakley. I can easily enough Laryngologists in Heidelberg. Some of our 
visualize the incident when Coakley held roentgenograms were taken by Dr. .Ard to 
these plates up before Caldwell and prob- Coakley in New liork, who through further 
ably said “Caldwell, this is what they’re obsen'-ations fully confirmed the diagnostic 
doing in Germany. What’s the matter with significance of our method for diseases of 
you fellows r” the accessory sinuses of the nose. The great 

In the basement of Caldwell’s office was impetus which the liandling of particularly 
a fabulous experimental machine shop pre- the frontal sinuses by the radical operative 
sided over by Raphael Paroselli, and my method of Killian has had makes it in order 
technician is Leo Paroselli, Raphael’s son. for us to review our examinations and, on 
Leo was born in 1905, a year after this in- the basis of a large series of cases, to define 
cident, and he does not recall any reminis- our standpoint as to the diagnostic value 
cence of his father’s that bears directly 
upon it. But there is still in Dr. Imboden’s 
possession a sagittal section of a skull 
mounted on a board with a protractor, 
prepared, as was all other experimental ap- 
paratus of Caldwell’s, by Raphael accord- Sclimelcher, following the directions 
ing to Caldwell’s specification. This device nnlHmnnn."' At the tunc of 

was illustrated by Dr. P. M. Hickey® in his 
Caldwell Lecture in 1928, and it shoves that 
the optimum angle of projection w'as 25 de- 
grees, open cephalad. As a matter of fact, 

SS'diiStgi ™ i ".i». *■" « T |■v“";>v" "f. 


of the roentgen rays, especially for diseases 
of the frontal, ethmoid, and maxillary .si- 
nu.ses.” 

“All the (Freiburg) exposures were made 
in the Diakonissenhaus by Sister Marie 

of 

Prof. Goidmann.”' At the time of fhis 
publication (1907) tlie average exposure for 
frontal roentgenograms in Freiburg vas 
one and a half to two minufcs. Cnldwcl), 
who before he became a roentgenologist 
v/as an outstanding electrical engineer, von*' 

tofiftv 


the tidies to tlie point 
Cooiidue tube, be it remembcrcil 
I'nolomsi.s olci •; 


own design of tube stand being under the 
head, and the plate on a celluloid frame 

over the face. Throughout the fire years i old style gas t 

:: r,! iTe-ritiab.,. ... r.. .. ... 


1913, and rocntgci 

^ t 


, came in 
nouch to 
tule"- 

Sd 


use, 
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give a beautiful roentgenogram because it 
was free from the parasitic radiation of the 
stem; it was the most exasperating inani- 
mate object, temperamentally, that man 
has ever created. Its conductivity -would 
change abruptly in the middle of the ex- 
posure. To run such a piece of apparatus 
tor fifty seconds at a load approximating 
its capacity ruined any number of these 
tubes. CaldwelP speaks of selecting tubes 
that would stand such a load out of a large 
number of run of the mill tubes, and then 
he states that frequently a tube would be 
destroyed during the exposure. He stated 
further that the expense of replacing ruined 
tubes took all the financial return for his 
early sinus work. In looking back on sinus 
roentgenology before 1913, therefore, one 
can only wonder at the excellence of those 
early roentgenograms made on glass plates. 
In fact, one can wmnder that they had 
sinus roentgenograms at all. 

“The diagnostic value of the X-rays 
especially for diseases of the frontal, 
ethmoid, and maxillary sinuses.” Thus 
Goldmann and Killian in 1907. Elo- 
quence can reside in omission as well as 
in expression. Caldwell’s estimate of the 
value of roentgenology wdth respect to the 
sphenoid sinuses was similar to that of 
Goldmann and Killian. Caldwell studied 
projections of the sphenoids anteriorly and 
posteriorly, up and down and sidew'-ays, and 
he refused to give any opinion on the sphe- 
noid sinuses, because he said he was not 
being paid to guess. Just as some progress 
has been made in the treatment of arthritis 
since the time that Osier advised young 
physicians to run out the back door and 
jump over the fence when a patient came in 
'vith arthritis, because he would earn more 
nltimate gratitude from the patient by so 
doing, some progress has been made in the 
intervening thirty-eight years on the roent- 
gen diagnosis of the sphenoid sinuses. But 
*m account of it has no place in a considera- 
tion of the earlv history of roentgenology 
of the sinuses. 

d he transition between the early period 
and the modern period in this branch of 


roentgenology, it seems to me, is just about 
\vhen Waters^- contributed the angle which 
bears his name. We are prone to think of 
the Waters position as having its principal 
value in the improved visualization of the 
antra, the petrous shadow's being throwm 
below the antral shadows, but Waters 
called attention to its value also in showing 
the anterior and the posterior etlimoid cells. 
Those w'ho are accustomed to using both 
the Waters and the Caldw'ell projection 
would be very loath to rely on either one 
w'ithout the other. 

The original posteroanterior projection 
w'ill probably long be knowm in this coun- 
try as Caldwell’s angle, and he did work 
out the angle for it independently; but ap- 
proximately the same angle he established 
had been used a little before him by Gold- 
mann in Freiburg, w'ho acknowledged the 
priority of Hagler in Basle. It w'as Basle 
where the Basle Nomina Anatomica orig- 
inated, dedicated to an attempt to supplant 
proper names in anatomy. How'ever, as 
long as roentgen rays come out of Coolidge 
tubes, we shall probably continue to pay 
tribute to Caldw'ell and to Waters as among 
the earliest and still the most promiment 
contributors to roentgenology of the sinuses 
in the United States. 

115 East 61 St St., 

New York 21, N. Y. 
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HISTORY OF THE ROENTGEN RAY 
IN THE STUDY OF THE HEART* 

By HUGO ROESLER, M.D. 
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T rERY soon after the discovery of the 
' roentgen ray, the heart and great ves- 
sels were submitted to examination by its 
use. There was no need for complicated 
procedures; the conditions of contrast were 
optimal^ and there was no inconvenience 
to the patient. To do justice to even the 
pioneer workers in an article of this scope is 
obviously impossible when one considers 
tliat the list of books and pamphlets on the 
roentgen ray published during 1896 — the 
year after its discovery — as given in Glas- 
ser’s book,® totals 1,044 items. 

The first period of investigation extends 
to perhaps the year 19C0; many instructive 
cases were published tliat dealt chiefly with 
single obsen^ations. Details were searched 
for, the principles of projections were 
realized, and even as early as 1896 mention 
is made of calcifications in the aorta by 
Le\w,^^ and in the peripheral vessels by 
Hoppe-Seyler." 

By 1 900-1 901 exact methods were de- 
veloped and a systematic evaluation of the 
physiological foundations had taken place. 
The introduction of the orthodiagraphic 
method by Moritz^- and Beclere,^ the analy- 
sis of the normal and pathological aorta by 
Holzknecht,"’’' and tire correlation of roent- 
genologic and clinical findings by Williams^® 
represent the great advances made at that 
time. It is instructive to read in Williams’ 
book his pointing out the errors in percus- 
sion, his reports on follow-up studies on ef- 
fective treatment, and his stressing of the 
diagnostic and prognostic appearance of the 
lesser circulation. One of his important ob- 
sen’-ations refers to what we would now call 
the beriberi heart. 

In 1905 Kohler® introduced the tele- 
roentgenographic method, which soon be- 
came a common possession. 

Subsequently a systematic evaluation of 


the pathologic conditions of the heart and 
great vessels developed, with emphasis 
being placed on certain constitutional fea- 
tures, and there was an increasing correla- 
tion with anatomical and physiological 
data. To refer to the many small mosaics 
that have ultimately led to the integrated 
science of today would require the writing 
of a treatise in this field. Therefore only a 
few lines of development are pointed out. 

Although many excellent observations 
were made as to the movement of the cardio- 
vascular silhouette, objective registration 
did not arrive until 191 1 with kymography, 
and among tlie contributors to this tech- 
nique were Sabat,^® and Goett and Rosen- 
thal.^ 

A better understanding of the inner 
topography of the cardiovascular silhouette 
has been obtained in a twofold way: first, 
by correlating in a systematic fashion the 
roentgenologic appearance with anatomic 
sections (Koch and Wieck®); second, by 
opacification of the heart and great vessels 
in the cadaver — of the right-sided cavities 
and the lesser circulation, and of the left- 
sided cavities and aorta, respectively — and 
the appropriate use of various views 
(Laubry, Cottenot, Routier and Heim de 
Balsac^®) . 

In the living, angiocardiography was in- 
troduced by Forssmann,® and valuable find- 
ings were obtained bv the method devel- 
oped by Robb and Steinberg.^'^ The plastic 
reconstruction of the heart by Palmieri^^ 
was also an important contribution. 

i\lthous:h this brief resume seems to 
stress the technical aspects of progress m 
cardiology, it must not be forgotten that 
the advance attained and the refined diag- 
nostic possibilities afforded by the methods 
in use today have come from a healthy 
interplay between men who were primarily 
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interested in technical and morphological 
problems and other men who could offer 
their critical, anatomical, physiological and 
clinical experience. Almost all of the con- 
tributions — as one studies them in retro- 
spect— have been a mixture of truth and 
error, but the truth has been retained 
through an interesting and peculiar process 
of sifting. Sooner or later the names of the 
individual contributors to a science fade as 
the science grows, and this is as it should 
be, for science is a structure in the process 
of building. When the temple is completed, 
we admire its beauty but think not of the 
laborers who laid the stones. 

The celebration of anniversaries is a 
wholesome thing, for it freshens our sense 
of indebtedness to our forerunners but, by 
the law of opposites, it leads to anticipation 
as well as to retrospect — to a surmise of the 
one hundredth anniversary of Rontgen's 
discovery and the hope that the cardiolo- 
gists of that day will have completed their 
study of cardiac pathology and will be cele- 
brating victories in its prevention. 
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RAY IN WARFARE 
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Director, Department of Roentgenology, Harper Hospital 
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T^WITH the passing of years the per- 
^ ' sonality of a man recedes into the 
background and his ultimate place in 
history is determined by the contributions 
which he has made to science and society. 
^^hile Carman did not create fluoroscopy 
he took this as a method of examination 
and perfected it in the study of the gas- 
trointestinal tract and transmitted it to us 
as a fine heritage. And no matter how we in 
these later years change slightly here and 
there this method of study, primarily it is 
Carman’s in a new phase or variation. 

Caldwell was one of those rare in- 
dividuals who combined a scientific and 
a mechanical attitude of mind toward the 
solution of many of the difficult problems 
in the early days of roentgen diagnosis and 
therapy. His position in the roentgenologi- 
cal world stands on a sure footing. Not 
only did he contribute mightily to the 
solution of the diagnostic problems which 
confronted roentgenologists in the early 
days but his knowledge of engineering 
enabled him to help solve many of the 
mechanical problems of those working in 
roentgenology, and many of the gadgets 
which we use today in the examination of 
patients had their primary inception in the 
mind of Eugene Caldwell. These two 
societies honor themselves in honoring the 
memory of Eugene Caldwell and Russell 
Carman. 

In normal times one might choose for the 
Caldwell-Carman Lecture a subject of 
more scientific interest but in these times 
when all our thoughts and actions are 
geared to total war, I thought it would 
be interesting to sketch the history of 


the uses of the roentgen ray in warfare. 

ETHIOPIAN CAMPAIGN 

The science of roentgenology made its 
appearance late on the horizon of medicine 
and surgery. The possibility of its use in 
warfare was quickly seized upon, and its 
first practical employment in war surgery 
was in the examination of some of the 
soldiers returning from Italy’s ill fated 
Ethiopian campaign where the Italian 
Army suffered a crushing defeat by the 
Ethiopians at Adowa on March i, 1896. 
The examinations were made by Lieu- 
tenant Colonel Alvaro- at the Military 
Hospital at Naples in May, 1896. The 
roentgen-ray apparatus which he used 
was not the primitive apparatus of Rontgen 
since subsequent discoveries permitted 
modifications and amplifications. It con- 
sisted of a series of accumulators connected 
with an interruptor and commutator; 
a Ruhmkorff coil and a Crookes tube, not 
oblong in form but pear shaped, through 
ivhich several metallic wires were run, one 
of which was fastened to a small concave 
disk serving as cathode. 

The procedure of practical application 
of the roentgen rays was described as 
follows: One takes a prepared photo- 
graphic plate, places it in several layers of 
black paper, then puts it in a cardboard or 
wooden cassette, or on a small taboret in 
such a way that the impressed gelatinous 
surface is toward and underneath the part 
of the body of which the shadow is to be 
taken, it being fixed in this position with 
gauze. Above is placed the Crookes tube 
at a distance of 20 to 30 cm., the current 
being generated by the Ruhmkorff coil. 


* Delivered ,nt the Joint Meetins; of the American Roentgen Ray Society and the Radiological Society of North America. 
Chicago, 111 ., Sept. 24-29, 1944- 
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December, 1945 


After twenty minutes, or a good half hour Turks, while Russia, England and France 
or longer, according to the potential of the lent their support to the Greeks, 
current, and the nature, thickness and It was during this war that the first 
density of the part, one obtains a negative opportunity for the study of the usefulness 
with a relative white shadow on a black of the roentgen rays in hospitals located 
base. close to the front was provided. The 

The two cases which were the basis of Central Committee of the German Red 
Alvaro’s report were wounded soldiers Cross sent a hospi^l unit which was 
returned from the battle front at Ethi- located in Constantinople. At the disposal 
opia. Fortunately, these two soldiers were of this unit was placed a roentgen ap- 
wounded in the forearms which rendered paratus. Dr. Kiittner who accompanied 
their examination fairly easy, considering this hospital reported his experiences in 
the feebleness of the equipment. The the use of the roentgen ray.’' He foun 
projectiles were removed following the that it was of great help m ytablishing the 
roentgen studies and the wounds promptly position of the embedded im- 

healed. Attempts had previously been mensely facilitating their 
made to remove these bullets but they were was ,?!«'“'=‘r‘>A"'f'‘Lunds if “eter^ 
unsuccessful until the roentgen ray was of^hXtr^ 

used in their exact localization. presence or absence of the bullets or frag- 

Attention was called by Lieutenant p clothing The roentgen 

Colonel Alvaro to the valuable help which ^ gfeat value in the 

the roentgen rays could give to the surgeon, ^ injuries to the nenmus 

especially when there was a question o Especially where there was a 

determining the position of a foreign o^ y, J oaralysis they were able with the 
or of diagnosing a bone disease, or roentgen rav to determine whether the 

the form of a fracture, or studying te A jg ^^as a result of compression of the 

deformity of the skeleton and the forma- p > dislocated bone fragments 

tion of internal concretions. He w s P ^ injuries, thereby determining 

possessed apparently of a the Advisability of an operation. Even i 

for in these faroff days he sensed the ^ne ^ ^p peripheral nerves it was 

- the roentgen ray m w recently Kiittner discussed p^j^sibilitv of ns 

travelled , a long “tdiers and other roentgen ray and also ' , his 

Naples has heLorts. use at ->dvanced 1 ^ ^ 

roentgen-ray equipment land P f irconcWed that the 

Mediterranean basin in those years roen^S^ ,, and not 

Sitaf staKsfvere involved, the great Lblished, one in a villa a cities 


Balkan states "ere J in 

powers rhe German sympa- 

sr3*tr -• "* 


established, ont in a ,, esc chies 
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sands of refugees, which complicated the 
proper handling of the sick and wounded. 
The British units were supplied with a 
powerful coil and all the other essentials 
for roentgen-ray work and, since it was the 
only apparatus of its kind in Greece, these 
hospitals received cases from other sur- 
geons to supplement their own and were in 
a position to gain a large experience in 
bullet wound cases. The only difficulty 
that was experienced with the roentgen- 
ray apparatus was vdth the batteries, the 
extreme heat melting the pitch of the 
partitions between the cells. The coil which 
the British surgeons used gave a nominal 
10 inch spark. They used only three 
Crookes tubes throughout the campaign 
but from their experience they thought it 
was advisable to have a good reserve of 
tubes. The equipment also included a 
fluoroscopic screen which proved the means 
ot saving much time and which is stated 
was probably even more necessary in war 
than in work elsewhere. 

Some of the difficulties in the use of the 
roentgen rays in war as they presented 
themselves to the British unit were the 
great weight of the coil and secondary 
battery, the absolute necessity of having 
a source of electric supply near at hand to 
recharge the batteries, the fragility of the 
Crookes tubes and glass negatives, the 
danger of carrying strong sulphuric acid, 
the difficulty of sparing the space and of 
making an efficient dark room with good 
water supply, besides the general delicacy 
and liability to derangement of the whole 
apparatus. A more amusing source of 
difficulty in this particular campaign was 
the superstition of the natives. They 
looked on the whole affair as the work of 
the Devil Avhich made it difficult to take a 
skiagram when the subject was constantly 
crossing himself unless strictly watched. 

The problem of the source of electricity 
■^''as solved by the fact that the hospital was 
at Phalerum and they were able to obtain 
electric supply from H.M.S. Rodney. 
The hospital at Phalerum was also close 


enought to Athens to enable the Greek 
surgeons to send up such cases as needed 
roentgen studies. 

During the Greco-Turkish war the 
Mauser rifles and the Martini-Henry rifles 
were used and the bullets from these then 
modern implements of war were much less 
frequently found in the body due to the 
high velocity of the bullet. The hole of 
entrance of the bullet was extremely small. 
Suppuration of the wounds was generally 
due to pieces of clothing carried into the 
tissues. Wounds of the lung by these 
modern bullets ran a comparatively favor- 
able course. Lead bullets were used in this 
campaign and characteristically they left 
particles of lead along their paths. 

It was the impression of the British 
surgeons and roentgenographers that the 
roentgen apparatus would prove of no use 
on the field, first because of the size and 
bulk of the machine, and second, they 
thought that its use at the front might be 
an incentive to surgeons to premature 
operations in bad surroundings. 

THE TIRAH CAMPAIGN — 1 896 

The sympathy of the English for the 
Greek Nation during the Greco-Turkish 
War caused deep annoyance and indigna- 
tion among the Turks. This feeling was 
propagated through the Mohammedan 
countries. So, at far away Peshawar in 
Northern India, near the Khyber Pass, 
agents from Constantinople made their 
appearance, stirring unrest among the 
tribes and members of the Mohammedan 
faith in that part of the world.”^ 

Khyber Pass is one of the most impor- 
tant mountain passes in the world^'' (Fig. 
i). It leads from Afghanistan into India 
and is a narrow defile winding between 
cliffs 600 to 1,000 feet high, stretching up 
to more lofty mountains beyond (Fig. 2). 
Perhaps no other pass in the world has 
possessed so much strategic importance or 
retains so many historic associations as 
this gateway to the plains of India. The 
ereat^ invasions of India which have oc- 
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Fig. I. Reproduced, by permission, from 
ThnCy September 14, 1942. 

curred in this area have gone through it 
Since this Pass lay in such a strategic 
position and was so important to the 
British in India, it became necessary for 
the British to negotiate with the local 
tribes, the Afridi and Orakzai, for its free 
use to safeguard the passage into India. 
After many attempts at appeasement of 
these warlike tribes, the British succeeded 
in obtaining at least a temporary cessation 
of hostilities prior to 1897. The scheme 
which was adopted was an arrangement 
with the Afridis by which they agreed to 
keep open the Khyber Pass on behalf of 
the British Government. Several forts were 
built and to garrison them a corps of 
riflemen was formed, entirely composed of 
tribesmen living in the neighborhood of the 
Pass. For a while these natives gave the 
regular troops of the Indian Army great 
assistance.^® However, following the agita- 
tion among the Mohammedans, the Afridis 
and the Orakzais decided to revolt against 
the British and they seized the forts in the 
Khyber Pass, closing it to travellers and 
to military transports. The Bntish-Indian 
Government, realizing the importance o 
the Khyber Pass itself and the menace of 
the revolt among the natives, sent an 
exoedition to quell the uprising. This 
campaign is known as the Tirah Campaign. 


plateaus of the 

wa.4 !b V • tains (Fie 

Dlacp nf summer resting 

fpig 

ig- 4 and 5;, No white man cerminlv 

.nvaded the region until the armies under 
e leadership of General Sir William 
Lockhart began their expedition Into the 
territory m October, 1897.**^ 

Twenty-three field hospitals altogether 
were rnobilized for service in the Tirah 
Campaign. The wild, entirely roadless 
country in which the military operations 
were conducted increased the difficulties 
with which the medical department had to 
con tend, in making arrangements for the 
care, treatment and transport of the 
wounded and sick. Alany of the wounded 
had to be carried on stretchers and to be 
escorted all the way throughout the hostile 
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territory, experiences not unlike those in struction of all apparatus for military 
the present campaign in India and Burma, work, he concluded, is that they be “get- 
One notable feature of the medical at-able,” thus enabling one to renovate the 
arrangements was the use of roentgen inevitable defects of wear and tear. Every 
rays for the first time on the field of battle, portion of the apparatus should be easy of 
They were found of the greatest value in access; the coils, condensers, connections, 

mat or~Tni xokthayest ikdiaN raoxfiER 



Fig. 3, Reproduced from Shadwell.™ 

locating bullets and splinters of lead. The etc., should all be packed in cases tliat can 
apparatus was brought out (entirely at be opened and inspected in a moment’s 
his own expense) and operated by Surgeon notice without special instruments. In 
hlajor W. C. Beevor,"^ to whom all the addition, the operator of the roentgen 
credit of tlie innovation is due. From his apparatus should be independent of help, 
experience in the Tirah Campaign, Major Beevor was supplied with only three 
Beevor called attention to the importance tubes. They were used in more than two 
of the organization and the type of ap- hundred cases in Tirah; they went all 
paratus and materials to be used in war- through the rough transport countr)' and 
fare. The first desideratum in the con- they landed back at Rawal Pindi in as good 
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Fig. 4. Afridi villages below Ali Masjid. 
Reproduced from Warburton.-^ 

working order as when they were taken 
out. 

The question of transport for the equip- 
ment offered some difficulties, but even in 


supply its wounded in war v.;;h nicntcr- 
apparatus, not only at base I^ar 

in the field. 

After trying every kind of tra‘v-p-iTt 
India — mules, camels, v-heclcd vdr'clrs 
etc. — Beevor found that the safest ar.;i 
most satisfactory was human rraroysr; 
In Tirah he employed Dhoolic hearer- 
they carried the whole apparano m n 
Bagh Camp in Tirah, down the ticnlc t* 
Dwatoi, and down the B.ar.i \ alit;. ti 
Peshawar without injury. Parts or tn* 
march cvere beset with ditnculnes sdiW.u 
experienced in any kind ot warfare, i he) 
encountered rocks, icy cold ” '‘-k ' 

torrents, frost and snow which cud, r,;- 
interfere in any way with the appar.na- 
The arcatest problem involve-;! trs fp 
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work and recommended tlie employment 
of a hand dynamo and portable accumula- 
tor. This combination had many ad- 
vantages — it could stand rough transport 
and in case one got out of order the other 
could be substituted. 

As in the former campaigns, the fluore,s- 
cent screen seemed the most important 
part of the apparatus. The screen surface 
was protected with a layer of celanite and 
the whole was enclosed in an aluminum 
case. 

In roentgenographic work the glass 
plates were found to be most satisfactory, 
in spite of danger of breakage in transport. 
Beevor had three dozen at the beginning 
of theTirah Campaign and through all the 



6. Sketch map. Distances and principal points 
in the Nile alley. Reproduced from Churchill.'® 



Fig. 7. The new stern-wheel gunboat in the ship- 
yard at Wyvenhoe. Reproduced from Churchill.'® 


adverse conditions they proved satis- 
factory, giving at the end of four months’ 
rough travel as good results as at the 
beginning. 

WAR OF THE SOUDAN — 1896-1898 

(the river war) 

The Tirah Campaign was in progress at 
the time when the financial state of the 
Egyptian government, under the super- 
vision of the British and their collaborators, 
had reached such a point that attention 
could be given to the recurrent outbreaks 
of hostility among the tribes in the Soudan 
(Fig. 6). This decision was made the easier 
by the fact that the assassination of an 
Englishman, General Gordon, several years 
before at Kartoun by the natives of the 
Soudan had rankled in the hearts of the 
British and had been a source of consider- 
able controversy in the British government. 
It was decided to send an expeditionary 
force up the Nile to subdue and conquer 
the natives in the Soudan, and Lord 
Kitchener was chosen as the head of the 
expedition. His organization consisted not 
only of British units but of well trained 
Egyptian military units and a certain 
number of natives. The journey up the 
Nile was made in slow stages accompanied 
by vessels suitable for transport on the 
Nile. In this heterogeneous army there 
were two men whose subsequent activities 
were to influence the world — ^Winston 
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file temperature varvii,.. 

1-. m the shade. ' " '■ ' 

. Wady Haifa and Ah'-;.v i 

site of the bnse'hospital 

iipparatus had to travel ,W,„y da; :t,:r: 

jn in an open truck, ex’poRal duri;- -l- 
daytimc to the fierce heat of a blar::, 

By keeping the felt wer evei 
they reached their jouniev’y 
mishap to tlie apparatus (ld». 

In the Soudan s^omefoohsen-arions vco- 
made by the screen and plates. In huflc: 
Fig. 8. The Nile at Abadieh. Eight miles north of die upper or Icnrcr extrcnuiic^ 

Berber, where advanced base Surgical Hospital ‘'^^^eropo.s tenor and lateral views /Fie. ic 

was simated, and also headquarters of x-ray work, Ji) gave siifficientlv comnrclw-v.^,'.- 

Reproduced from Battersby.* information as to tho position oftk- i:;,!!;; 

Churchill, ■« an officer in the cavalry and a I'l' 

junior naval lieutenant in command of one kT7ic°ni'"T 

of the gunboats (Fig. 7), Lieutenant [rTa , ™ 

Beatty, afterwards Admiral Beatty of a« in tUr. 'Pinb r ' \ 

. Jutland fame. ^ As in the 1 1 ah Campaip rhcrucntr.n^ 

^ /• 1 • outfit which accompanied the annv m 

Numerous engagements were fought m the River War had to lie pormlile and. 

the journey up the Ishle and m each of these suitable for mule, camel or human tf.m.- 

the natives were defeated. They continued port, as often during the journey up the 
to retreat up the Nile to their main head- Nile, narrow defiles and mouiuair.'.',!., 
quarters at Omdurman. It was at Omdur- passes had to he traversed. One of the mo-t 
man that the Dendshes received their serious difficultie.s, ever presenr in all 
crushing defeat at the hands of Lord campaigns, was the generatme of fn-. 

Kitchener and his army, which has been primary electrical current for clmryiny rhr 

described as “the most signal triumph ever storage batteries or working the coil ditc*. 
gained by the arms of science over bar- Jn the Soudan Campaign a small dynam-.- 
barians. Within the space of five hours the driven by mcan.s of a ramlem 
strongest and best-armed savage army yet (Fjg. i f) answered this problem admimo; . 
arrayed against a modern European power ancF was readily tr.msporfed i;>y r.ui ar* 
had been destroyed and dispersed, with 
hardly any difficulty, comparatively small 
risk, and insignificant loss to the victors. 

It is also of interest to note that among 
these arms of science was a roentgen-ray 
apparatus. 

The man in charge of the apparatus was 
Maior Battersbv.^ Before he left Cairo he 
iook the precaution of having very thick 
felt covers made to surround the outer 
boxes containing the coils and .storage 
batteries, and. by keeping tl.em c®- 
stantly wet, the internal temperature ol the 
roils was considerabl}' reduced, a.': 
evaporation in the Soudan was very rapiu. 
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Fig. 10 Fig. ii 

Figs. 10 and ii. Bullet in knee (front view, Fig. 10); bullet in knee (side view, 
Fig. ii). Reproduced from B.ittersby.® 


river to its destination at the hospital at 
Abadieh, 

The roentgen-ray outfit consisted of two 
10 inch and one 6 inch coil and these, with 
the other necessary electrical instruments, 
were enclosed in a strong oak box. While 
the apparatus was most complete and 
satisfactory, it was for the requirements of 
field service too heavy for camel or mule 
transport. Consequently a special arrange- 
nient of ropes was made, by which means, 
and by the aid of a long pole, it could be 
tarried on the shoulders of four men. The 
apparatus further consisted of a storage 
battery with separate cells which proved 
more useful than having them fixed in a 
wooden case, because if a cell became 
injured or a plate buckled, it could be 
taken out of the circuit and a spare one 

substituted. 

Battersby also brought with him four 10 
inch ordinary bianodic focus tubes. These 


were personally tested before leaving. Two 
of these tubes did most excellent and 
extensive work, one being better for screen 
work and the other for roentgenography. 

The fluorescent screen was found most 
useful at night, but unsatisfactory during 



Fig. 12. Localizing apparatus. Reproduced 
from Battersby.^ 
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Fig. 13. Method by which electricity was genenited for charging 
storage batteries. Reproduced from Batfersby.® 

crude and much had to be learned in this 
regard. Glass plates alone gave satisfactory 
results- 

The total number of casualties in the 
British Army at the Battle of Omdurman 
was 175. Of these, 121 were conveyed to 


Dutch strain were the French Hugucnnfv 
who left their country at the time of the 
revocation of the Edict of .Vantes. 7 ’he<c 
virile formidable people and their pn.ieeti)' 
had for seven generations trained than- 
selves in a constant warfare agaiiKt savacc 


the surgical hospital at Abadieh. Of this wen and ferocious beasts under 


* 

number there were 21 cases in which the 
bullet could not be found or its absence 
proved by ordinary methods. In 20 of these 
21 cases an accurate diagnosis was arrived 
at with the help of the roentgen ray. 


THE GREAT BOER WAR — 1899 

These little wars in which the roentgen spread gradually „vrr ,hch>s _ 

ray became a camp follower were followed reldt which la,- to 7 ..,' 'V,-,; tQ 
V tire Great Boer Warin 1899. If one looks mamed happy ant! conten.o. .n 


circuni' 

stances which no weakling could surwvc. 
They became a law into thauH'ivcw 
recognizing no governmenf except rhet 
which they themsclres h:ul i-'-tahJn-hai. 
These Dutch emigrant.': made rbcT bta 
landings at the Capeof Good Hope m tJ'V. 
and for one hundred year:, the couna 
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country until the world was suddenly soon found themselves pitted against a 
startled by the announcement of the formidable foe and had made inadequate 
enormous gold and diamond mines in that preparations for it. The War of the Soudan 
part ol South Africa. The Boers then saw having been completed, the medical units, 
their lands being occupied by outsiders together with the roentgen-ray equipment 
and they set about to prevent tliis b}' the which had been used in that war, were 
issuing of certain laws governing citizen- ordered to South Africa, 
ship and it was the imposition of these laws The Siege of Ladysmith in the Boer War 



Fig. 14. Reproduced from Doyle.** 

and certain other small episodes wliicli furnished die first occasion in which 
ultimately brought about the South Afri- roentgenography was attempted under 
can or the Great Boer War with England, such conditions. It was here also that actual 
Conan Dovle in commenting on this work was first done under shell fire for any 
war says: “Oiir military history has largely long period. 

consisted in our conflicts with France, but Lieutenant Bruce® of the British Army 
Napoleon and all his veterans have never who was stationed in Cairo, received his 
treated us so rouo-hlv as these hard-bitten orders to proceed to Natal and to take a 
fanners with their ancient theology and complete roentgen-ray unit. This unit was 
their inconveniently modern rifles.” available but to arrange for a supply of 

The British, contrary to their thought, electricity was not so easy. From his 
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“P Nile he knew thaf if f , , 

‘'‘ke the speciallv - (probablv onlv 

fitted-up bicycle which had been used ast of *e usual 

o or or a dynamo. Bruce confessed that Thev"^e ' necessitating long developments 

fie had no faith in manual aid for drivlg ’ ' 

a dynamo and he could speak from ^ 
perience because he 


They eventually arranged for a Icokm,, 
to announce the firing of the gun whk 
did much to facilitate their work. ’ 

As it was apparent that considcrahiv 
more work would have to be done, titere 
became the problem of charging the 


ex- 

. , . , the Nile 

campaign and with the temperature in the 
hut over loo degrees this style of charging 

batteries left an impression on him thaf his baHeri'es ‘Br.mfT™ ? , - 

relationship with a dynamo was extremelv Town 14 'll 

ridtetf^c^ifo^t 

he took along the usual roentgen apparatus’ remaTklwy wS™ d 1 1^’ .let'll rifs 
nd a dynamo, trusting that some means most efficiently, 
might become available to drive it Amnno- i j 

The destination of Lieutenant Bruce was cases were roentgenographed, showing thi- 
Pietermaritzburg, which he reached with- behavior of the expanding bullet used hv 
out any mishap. He later had orders to the Boers. They showed the lead scattered 
proceed to Ladysmith, which he did on about the injuries in all directions, the 
October i6, taking all apparatus with him. mantle remaining nearly intact The num- 
A portion of the Town Hall was used for the her of cases actually recorded was 2 co, of 
x-ray department. The first series of cases which nearly one-half was roenrgeno- 
were very soon furnished from the battle of graphed. In addition, a vast number of 
Elandslaagte. The number of cases from cases under treatment were examined by 
this battle which required examination was the surgeons with the fluoroscopic screen, 
not very large. Few patients had to be As in the Nile campaign, work with the 
examined for bullets, the majority of the screen was best done in the evening unles.? 
wounded having bone injuries. This ab- the roentgen department was so situated as 
sence of imbedded bullets may be ac- 
counted for by the fact that the firing was 
at short range, and those bullets which did 
not pass through the parts caused severe 
injuries to the bones when these obstructed 
their course. All the bullets were success- 
fully localized and subsequently extracted. 

Fortunately, in that work none of the ^ i„„ea«d me 

bullets lodged in the pelvic region, as the ® ‘t„.„ rav in armv campaiens was 

Mauser bullet, being so small, proved very ^ ,|,i, ,,.,V that caci, of 

awkward to find in deep tissues. best emp . ^ o mmnlf’tC OUtfn 

During the period from October 30 to 
November 3, shells were contmuaily drop- 
ping in the neighborhood of the hospital. 

Nevertheless, the work in 
room was carried on as usual. Great caution 

had to be used in roentgenographing t l e 

oatients when shells were heard in the 


to permit of darkening the room in the day- 
time. 

In regard to the general results by the 
roentgen apparatus, all were unanimous 
in saying that it xyas of the greatest as- 
sistance, not only in locating bullets but 
also as an aid in the treatment of fractures 


the general hospitals h,ad a complete mu 
and many of the smaller ones him tb 

necessary apparatus. 

' ' ‘itcrcs 

the Sieec of 


ki'ofhisioricai interest to note that at 


, • f 4-u,. ^u-<re 01 Ladysmith, 

wLsOT Churchill" hari' 

became a member j 
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story of his capture by the Boers, his 
imprisonment and his subsequent escape 
is too well known for comment. 

THE SPANISH-AMERICAN WAR 1 898 

In tile Spanish-American War roentgen- 
ray apparatus was used to a limited extent 
due to the type of warfare and to the fact 
that the activities of the Medical Corps 
were consumed in caring for those ill with 
typhoid fever. However, the more impor- 
tant of the general hospitals and three 
hospital ships, namely the Relief , the 
Missouri and the Bay State^ were supplied 
with roentgen-ray apparatus. The type 
of apparatus used in the hospitals was 
essentially tliat used in the previous wars, 
that is, coil apparatus and storage batteries, 
the more recently constructed static ap- 
paratus, this last being so heavy that its 
use was confined to fixed hospitals and 
hospital ships.® 

WORLD WAR I 

With the close of the Boer War and the 
signing of the treaty of peace following the 
Spanish-American War, there was a period 
in which the whole world seemed to be free 
of wars. During this time great strides were 
made in the manufacture of technical 
equipment of all kinds. An unprecedented 
era of invention and research developed, 
with advances in all fields. The progress 
of the science of roentgenology did not lag 
behind. The generating source was gradu- 
ally emerging from the chrysalis stage of 
coil and batteries, and radical changes were 
made in tube designs. 

Then came World War I, a war the 
magnitude of which, in comparison to the 
former small wars is most vividly expressed 

by the following now famous description by 

Winston Churchill:® 

The wars which had preceded World ^^'ar I 
Were the kind of warfare full of fascinating 
thrills. I'fobodv expected to be killed. Here and 
there in every resiment or battalion, half 
^ dozen, a score, at the worst thirt} or 
forty, would pay the forfeit; but to the great 
mass of those who took part in the little wars 


of Britain in those light-hearted days, this was 
only a sporting element in a splendid game. 
Most of us were fated to see a war where the 
hazards were reversed, where death was the 
general expectation and severe wounds were 
counted as lucky escapes, where whole bri- 
gades Avere shorn aAvay under the steel flail of 
artillery and machine-guns, where the sur- 
vir'ors of one tornado kneAV that they would 
certainly be consumed in the next or the next 
after that. 

This was really war with all its grim 
tragedy. 

It was not a coincidence that when the 
demand on medical skill at once became so 
enormous, the immeasurable importance 
of the roentgenologist should have sprung 
to the front. By this time the invention of 
the Coolidge tube had done away forever 
with the capriciousness of the gas tube, 
and in 1916 the introduction of the Potter- 
Bucky diaphragm had freed the roentgen 
images of their fogginess and indistinct- 
ness.^® Fortunately, as a result of these two 
great discoveries, the American Expedi- 
tionary Force of World War I was supplied 
with the finest roentgen-ray equipment 
that the world had known up to that time. 

Welch, returning from the war front, 
in an address before the Johns Hopkins 
Hospital Medical Society on November 6, 
1917, said that on and around the foreign 
battle fields there was an opportunity of 
using to the full all the recent medical 
discoveries, among them advances and 
improvements in the Avay of inoculations 
against disease, in sanitary matters, pure 
water and incineration, and in the use of 
the roentgen rays which he declared to be 
of incalculable advantage in conditions of 
war. 

World War I had been in progress three 
years before the entrance of this country 
into tlie conflict and during these years tlie 
European countries continued to use the 
induction coil equipment, especially for 
their mobile war units. They also employed 
the gasoline engine driven dynamos or 
generators for their current supply, making 
use of either the engine of the truck that 



662 


carried the apparatus, or a separate enaine 

this type of e.efri„„ 
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Wtus with the gas tube through Worif so'that 


type of exciting thelfeoinS'L*'* reduced 

2 thrnno-li .1 . regards the pHn^ 


to 


If., It , luc part'? 

. It niay be of interest to note at this f “f 

I™“ute that the first Coolidge tube which sentedT" ttPrl 

the French saw in operation was in the Sl l »d'’ancc in the port- 

American Military Hospital No i in tot, »r fl "<>t only could it be med 

Dr. Bdciere and his group of students mUe h«t also a.s an 

a special trip to thi hospital where T n ^ ^xed hospit.ils.r 

trained roentgenologists, since there was an United States Army roentcen-rav table 
inadequate supply of the latter, set about which is well known to all roentgenoiocrists, 
to remedy this defect. It is true that both It is of interest to note that at die time of 
the Army and the Navy had roentgen-ray the Armistice almost a thousand sets of 
equipment in their hospitals, and for some roentgen-ray apparatus of various kinds 
time before World War I all the Army had been sent abroad. The schools cstah- 
medical officers were given limited practical lished for the instruction of rocntgcnolo- 
courses of instruction with the roentgen gists began classes in July, 1917, very 
apparatus then available. Upon the entry shortly after our entrance into the war, 
of this country into the war, with the and by the end of December, 1917, over 
sudden and rapid expansion of both the t^vo hundred men had been trained to serve 
Army and the Navy, it was necessary to as roentgenologists. These men quickly 
take these men who had had training in supplemented the inadequate number at 
roentgenology and utilize them in other the beginning of hostilities. Not only wa.s 
medical activities of the Army and Navy, the roentgen ray used m the localization 
Surgeon-General Gorgas recalled to active and removal of projectiles, shell fragments 
service Colonel Arthur C. Christie and and bullets and other foreign bodies hut 
acting on Colonel Christie’s advice created also for the diagnosis and control of Ir.nc. 

a division of roentgenology of the Army the" «;• 

Medical Corps. General Gorges placed i„ tire e.arly 

Colonel Christie m charge of this divisio P ^ • of ^as gansrene, one of the rno?f 

and he in collaboration with a number of diagnosis d 


and he in coliaDoranon wjui a v,. 

roentgenologists quickly organized rnedical 
-11 rnnntrv for the 


most 
cn- 
:ince, 


centers in all parts ot tne counuy iui dis- 
training of roentgenologists and technical 
assistants and repairmen. Many of the 
latter w^ere promptly supplied by t 
manufacturers. At the same time he called 
into consultation the manufacturers, seek 


aiaunusib uj 

devlistatinc and crippling inLcrion.s 
countered on the battle field.s of bni 
The Committee for the Org.mi!zatK»n 
of .Schools and the Teaching of Hoent- 
genologv sent an official report to Surt^- 
General Gorcas in which the 

made that in ! 

clinical ex,anTina,,ony tl.^y'-;.. 
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tion was not accepted. Twenty-five years 
later, in World War II, we saw the fruition 
of this official recommendation. 

We all owe a sreat debt of gratitude to 
those far sighted individuals who, recog- 
nizing the needs of the Army and Navy, set 
about the establishment of the schools for 
the training of roentgenologists. Not only 
did this contribute toward better medical 
and surgical care of the soldiers and sailors 
both overseas and at home but undoubt- 
edly that pioneer work placed roent- 
genology on the high road which you and I 
travel toda3\ 

WORLD WAR II 

The wheel has turned full cycle. After 
the twenty-five years which have elapsed 
since World War I, it has again become 
necessary to mobilize our forces in a 
global war. We find ourselves fighting at 
one and the same time over the face of the 
earth in the same places where these little 
}yars, which have just been described, and 



Fig. 15. Use of airplane in transporting roentgen-ray 
equipment in ^Yorld War II. 

World War I were previously waged. Into 
these areas there has been carried by 
modern means (Fig. 15) roentgen-ray 
equipment (Fig. i6-23)'*' as up-to-date as 
the vehicles in which it has been trans- 
ported — far removed from the coil, bat- 
teries and Crookes tubes that saw service 
in the previous campaigns in these coun- 
tries. 

* For additional illustr.itions of the roentgen-r-n equipment 
used m World War II, see the article in this issucof the Jourval 

b> Y A. deLoriniler .and Maxu ell D.uier entitled The Army 

Foentgen-Raa Equipment Problem." 



Fig. 16. Figures 16 to 23 show some of the roentgen- 
ray equipment used in World War II. These 
illustrations were kindly furnished by Colonel 
A. A. de Lorimier, Army School of Roentgenology, 
Memphis, Tennessee. 

Manges^® made a prophetic statement 
when he said, “In the event of another war 
involving our country, it is entirely prob- 
able that roentgenologists other than 
regular Army Officers would be needed; 
but it is also probable that special in- 
struction in military roentgenology, if 
needed, would be given by regular Army 
Officers rather than by newly commis- 
sioned or reserve officers, as was done in 
1917 and 1918, during the World War.” 
Certainly Colonel de Lorimier and his 
corps of officers ha\^e rendered inestimable 
service to their country in the present 
war in mobilizing not only the equipment 
but the schools of instruction and training 
of personnel to meet the present emergency 
and he has from time to time presented to 
these two societies the progress of his 
efforts. 

The advance of roentgenology over the 
intervening years has been such that its 
use in the examination of the chests of 
draftees is no longer debatable. We have 
seen millions of men inducted into the 
armed forces whose physical fitness was 
primaril}^ established by the roentgen 
examination of the chest with the new 
units developed for mass survey. 
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Since the mobilization and the quality of 
the roentgen-ray equipment in its medical 
usages in the present war is known to some 
extent to all of us, it was thought that it 
would be of interest to discuss its employ- 
ment in another field which has become so 
vitally important because of the nature of 
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the war we are waging. This field is the 
industrial application of the roentgen 


It 








Fig. 20 
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Fig. 23 

rays. By testing the structures of the 
metals and the various materials used in 
military equipment, a service is rendered 
which brings the roentgen rays into the 
domain of preventive medicine through 
saving of countless lives which might other- 
wise have been lost as a result of defects 
in tlie essential parts of such equipment. 

Historically, we find that the use of the 
roentgen ray in industry^ is, like all phases 


* We are indebted to John L Bach and the General Electric 
X'Raj Corporation for many of the historic.al details of the use 
of roentgen ra) s in industrj’. 
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early recognition and then a’long perS of necessary strength. Alumi 

development which resulted in the efficfenf e accept nee r; 

shockproof, high power apparatus whkh is 
in use today 


Practical application of the i 


nartc o A material, encine 

SI- stJ-uctural members had Jbe 
signed/or maximum strength with mini. 


_ - * ttppiltaoon ot the roentgen rav buengtn v 

m industry, while recognized early - as hav^ 'height a job m which the 

ing grpaf- j- 1 shay- ray seryed as an invalnahlA 


ihg great possibilities, did not becom 
actuality until the advent-of more power- 
ful apparatus. This started: in the United 
Mates m 1922 when roentgen-ray trans- 
formers, controls and tubes reached a 
degree of perfection which permitted the 
use of very high voltages. Continued 
technical improvement led to gradually 
increasing voltages until now roentgen 
equipment which operates at one to two 
million volts, with complete safety and 
precise control, is available. 

One of the most important advances in 
roentgen-ray apparatus came with the 


e an that 
able 


V -j — me roentaen 

can well be considered truly remark- 


Later the roentgen ray entered another 
held. Leading manufacturers of high- 
pressiire boilers wanted to eliminate riveted 
structures and adopt welding as a standard 
construction method. Welding up to that 
time had been considered simply as a 
convenient method of sticking two pieces 
of metal together. Little thought was given 
to the metallurgical considerarions in- 
volved; nor was much time spent wonder- 
ing if it would be possible for a welding 


urtjiic wiui tiie operator to place weld metal free of the 
development by Coolidge of the principle defects that would make welding practi- 
of immersing the roentgen tube and trans- cally useless in the boiler industry. Progres- 
former in an hermetically sealed and sive, far-seeing manufacturers changed all 
grounded tank. This provided shockproof that. They used the roentgen ray to 
and climate proof operation, eliminated the examine completed welds, learned to diag- 
need for high voltage cables, made possible nose defects and their causes and used 
unusually compact design and greatly 


increased the range of service for industrial 
roentgen units. 

The first application of the roentgen 
ray in industrial roentgenography in this 
country was made at the Watertown 
Arsenal. It was here that much of the real 
pioneering work in the employment of 
roentgen rays for non-medical purposes 
was carried out and much was accom- 
plished especially in demonstrating flaws 
in metal structures and determining their 


roentgenograms to point out these defects, 
and the mistakes that caused them, to 
welding operators. The results were better 
welding and welds strong enough to meet 
the requirements for high-pressure vessels 
of many types. In some cases, modern 
practice required complete roentgen ex- 
amination of welded seams and in others 
roentgen-ray inspection of weld samples 
provided a periodic check on the 
of work being done by the individual 


operator. • t. 

m jiicLcti r "" Imc aKvavs carried witn it one 

effects upon the ensemble of the strnemre Sat the heat used 

The aluminum industry next about g ‘ chanced the nature of the 

i9R7-adopted roentgen-ray egnpment for feng been known thata 

a study of their products. Here P ^ properly made, is stronger than the 

preliminary step of most vital importan Sl^ar^und it. Figure 24 shows one 

to the present program of war ^^^^i Here we have . 

production because roentgen ray^ armor pHtc ha^ 

ulaved an indispensable role in the de P ^encth and cmcked. the r< 

of aikraft. It was ^cop.ed ^“rt-^-roen.genogramo fo 

:hSdt^:^fg"ii«e and sdU plate, in tbe center a roentgen . • 
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specimen after it was cut out and at the 
bottom a photographed section, four times 
enlarged, of the piece itself. Modern 
techniques have eliminated this source of 
failure. 

So it is from the pioneer work done in the 
application of roentgen rays, first to heavy 
castings at the Watertown Arsenal and 
then to light metal castings by the alumi- 
num industrv and lastlv to welding, that 
the tremendous benefits are being reaped 
in the present war production program. 

A lew examples of the applications of the 
roentgen ray in a variety of industries may 
prove of interest. In the Navy, roentgen- 
ray examination of the castings that go into 
turbines is an accepted routine; the welds 
and castings which go into high-pressure 
steam system's aboard ship are also roent- 
genographed, as are weldments in gun 
mounts. Army gun mounts and carriages 
too require roentgen examination, as do 



Fig. 24 



Fig. 25 

certain parts of tanks and other heavy 
armament materials. 

In the aircraft industry, many of the 
parts are so important that every one that 
goes into the airplanes is inspected by the 
roentgen ray. 

In the examination of the various kinds 
and thicknesses of metal, dilfierent types 
of industrial roentgen units are used, 
operating at voltages ranging from 60,000 
to a million volts and just recently a unit 
operating at two million volts has been 
made available. The production of these 
high voltage units has played an important 
part in the speeding up of vital war produc- 
tion and has cut innumerable hours and 
days off inspection time. In some cases it 
has reduced inspection time of a single 
large casting weighing as much as 50 tons 
from five days to five hours. These high 
voltage units are also important in increas- 
ing enormously the number of parts which 
can be examined. 

In addition to saving the lives of our 
fighting men by the elimination of defective 
vital parts, a great amount of time and 
money is saved because the castings are 
examined in the rough before the final 
polishing is done. Thus if a defect is found, 
that part is discarded without the waste of 
further effort. 

Obviously, all these roentgen demonstra- 
tions of flaws and defects in the densest 
metals are of inestimable value from the 
point of view of an enormously speeded up 
war program. However, it would be of a 
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tion however, amounted to onlv^a fav 
hundred per year and thousands were 
needed at once. Experimental diecastings 
were made and their flaws studied tv the 
toentgen ray. When the nature of ,he« 
flaws was brought to light and it »-as shown 
that they always occurred in the same 
location, It was possible to make chances 
m the die and the technique which com- 
pietely eliminated the flaws and made 
possible the production of perfect parts in 
any number desired. 

Sand casting is a process of great 
antiquity, which up to the time of the 

still greater importance if means could be '7’" undergone any fundamental 

found to eliminate the cause of these flaws ^ u casting, first a model, 

and defects at the source and thus de- . \ pattern is made of wood or 

wax in the shape of the desired piece. J his 


Fig, 2,6 


pattern is imbedded in a box of sea sand to 
which has been added an organic binder 
such as molasses and an inorganic binder 
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source 

velop methods for producing unprece- 
dented numbers of perfect parts. In this 
battle of production which we have waged 
and won with resultant saving of thou- 

sands of lives of our soldiers, the roentgen ,1,^ 

ray has again been our most important 
weapon. Only a very few examples can be 
shown at this time, but they illustrate how 
this was done. Figure 25 is a roentgenogram 
of an aircraft part cast of “duralumin." 

The bright line which traces an uneven 
course across the center of the film is 
copper which has frozen out of the alloy 
due to strain which occurred when the part 
cooled and contracted in the mold. By 
studying the flaw with the roentgen ray it 
was possible to map out the nature and 
direction of the strain, and find its cause, 
after which a simple change in the mold 
eliminated the trouble. Figure 26 illustrates 
the adaptation of an old method. This is a 
pre-war “diecasting" showing many flaws 
Ld holes beneath the surface. The method 
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eives fast production but because of iK 
faulty products it was used only for such 
Ungs as door handles for automobiles. 
Figure V shows some modem diecastings. 
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poured in through a hole and cools in the 
shape of the original model. The process 
has always been used for producing tire 
heavy parts of machinery and for such 
things as the motor blocks of automobiles, 
but in its ordinary form it is a process from 
which no great amount of precision can be 
expected. In addition, the surface of the 
casting is always rough and uneven and the 
method unsuitable for the production of 
parts having fine detail or deep grooves 
in their surfaces. All of this had to be 
changed, for sand casting is a fast method 
of production. It was changed. Experi- 
mental castings made with roentgen-ray 
control quickly showed that the porosity, 
gas pockets in the metal and the coarse 
grain structure of the metal itself could be 
eliminated, giving strength, and that the 
metal could then be made to fill in even the 
most intricate surface detail. Figure 28 



Fig. 28. Illustration courtesy of Don iNIcCutcheon 
and the Ford Ivlotor Company. By permission of 
the United States Army. 

shows an aircraft cvlinder head produced 
by present day sand casting methods after 
roentgen-rav research had eliminated the 
causes of trouble. Figure 29 illustrates a 
sand casting for an aircraft motor, in which 
at one point two waves of molten metal 
flowed together, in the casting process, 
trapping a laver of oxide between them. 



Fig. 29 

The result was an occult flaw which allowed 
the part to pass all standard tests, but 
later, after it had been heated up a number 
of times, could open, and result in the 
sudden destruction of the motor. This flaw 
occurred at a point which could not be 
depicted by ordinary roentgen techniques 
and a special method, which we are not 
permitted to discuss at this time, had to be 
devised. Once it was discovered, its elimina- 
tion was easy. 



Fig. 30 
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Fig, ji 

Still, roentgenography is not the whole 
story in connection with industrial in- 
vestigations and structural research. For 
some time now it has been necessary to 
lean heavily upon another roentgen-ray 
procedure which is based on diffraction. 
Originally diffraction studies were the 
special field of theoretical scientists, but 
before 1930 a patent had been granted to 
an American for the production of a new 
kind of rolled steel, far better and stronger 
than anything which had gone before, and 
this patent, together with the entire 
process was the product of roentgen-ray 
diffraction experiments. 

The practical side of diffraction in this 
war is shown in the next few illustrations. 
Figure 30 shows a roentgenogram of a vital 
part of one of our Navy planes. From all 
possible roentgenographic evidence, this 
part is perfect. This roentgenogram was 
made early in the war and the piece shown 
had been made by the best forging process 
then known. However, planes equipped 
with this part lost their wings while in 
mid-air. When this problem came to the 
research laboratory, it was soon discovered 
what was wrong. By the diffraction method 
it was shown that the forging process had 
developed a crystal structure which was 


Fig. j2 

weak and fragile _ (Fig’ jj). The forging 
process was then improved and Figure 32 
shows that after the process was changed 
the part now has sufficient strength. The 
re-arrangement of the molecule.s can be 
seen. 

A field no less important in which 
roentgen-ray diffraction has been put to 
use is the examination of quartz crystals 
which are so vital in all radio inter- 
communicating systems. There is enough 
quartz of proper quality in both North 
and South America but through glacial 
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action and other geologic catastrophies, 
these crystals have been ground down into 
shapeless masses and it was thought 
impossible to cut usable crystals from 
them. However Figure 33 illustrates how 
it was done. The rough piece of quartz was 
subjected to diffraction studies; a pattern 
such as this ' one showing the internal 
crystal structure tells immediately where 
the crystal axes lie and shows how to 
rotate the crystal to get the desired align- 
ment. The crude piece of quartz is then cut 
into slabs at the proper angle with respect 
to its crystal structure and these slabs are 
then ground to proper precision for use. 

These illustrate a few of the uses to which 
the roentgen ray has been put in industry 
m this global war. Time does not permit 
me to discuss the enormous aid which the 
roentgen ray has proved in such problems 
ns the manufacture of synthetic rubber, 
silk substitutes, plastics, metal fabrication 
and a host of other problems. 

Without soaring aspiration and without dar- 
mg deed there is no science, no knowledge of 
nature. The conquest of a new region of 
knowledge resembles in many respects the oc- 
cupation of virgin territory. First come the 
roadmakers, who unite a number of isolated 
points; then come the bridge-makers, who span 
many a yawning chasm; and last come the 
temporary shelters, which must ultimately be 
replaced by statelier buildings on deeper 
foundations and composed of more durable 
materials.^®* 

When once peace is established it is to be 
hoped that all of us will take tire more 
durable materials that have emerged from 
the scientific efforts in these tragic years 
and bend them toward the uses for which 
they were primarily intended, namely for 
the betterment of mankind. 
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INTRODUCTION 

"VX^ITH tlie recent ^vo^ld conflict at an 
' ^ end, there is a natural tendency to 
consider new avenues of interest; to look 
ahead and to forget rlie past. “TJiere 'will 
be no more wars” — some may say. How- 
ever, any army must not rest so compla- 
cently. Others, too, are thinking to the 
contrary and considering tlie distant future, 
when war may break out again. For such 
thinking, it seems practical to take some 
inventory of recent plannings and experi- 
ences and to record suggestions which 
might be of value in case another conflict is 
forced upon us. 

There has been a marked change in the 
concept of roentgenological service require- 
ments during mobilization and conflict; 
considering the viewpoints prior to the 
commencement of this last conflict, the 
provisions during the earlier montlis ol it, 
and tlie activities of the last few' years. 

In particular, the demands for roent- 
genography Avere much more extensive 
than anticipated, either by personnel in the 
Army or by the roentgen-ray film indus- 
tr\'.** Roentgenography has been required 
prior to entrance into the Service; it was 
extensively demanded Avith each hospitali- 
zation, and it Avas demanded cA'en in the 
most forward installations Avhere the orig- 
inal plannings had considered merely the 
use of roentgenoscopy. 

’ Formerly, Commandant, The Army School of Roent- 
genology, Memphis, Tennessee. 

T Formerlv, Director of Research and Development, The 
-Army School of Roentcenolocy, Memphis, Tennessee. 

“During the last scVeral ^ears of the conflict, it was neces- 
sarA- to ration and to limit the supply of films to the civilian 
profession. .All film manufacturers were operating at may- 
nium capacities; still many doctors and many ci\ilian clinics 
suffered roentsenographic restrictions. The .Arms required 
approximately half of all film production. 


RRELIMINARY PLANNINGS 

It Avas clearly anticipated that this con- 
flict Avould be fast moA'ing; that fronts 
would be moA'ed rapidly, ahead or to the 
rear. Tlierefore, it Avas considered impracti- 
cal to depend upon the use of any roentgen 
apparatus at tlie most forward medical in- 
stallations. The third echelon concerned 
Avith the care of battle casualties Avas the 
farthest forward installation at Avhich 
roentgen-ray equipment and services Avere 
provided (i.e., the motorized EAmcuation 
Hospital, or die forward elements of the 
Field Hospital). It Avas realized that the 
equipment should be of a design permitting 
easy assembly and disassembly, together 
Avith simplicity of operation and main- 
tenance; ruggedness and dependability for 
all military requirements. 

Each item Avas designed as tAA'o or more 
component units. Each component unit 
could be packed separately, Avith bulk and 
Aveight limited to that Avhich could be car- 
ried by tAvo men. There Avas set, as a goal, 
a Aveight limit of 200 pounds, for any one 
component (packed). Detachable small 
parts Avere aA'oided. Versatile adaptations 
Avere proA'ided, for it Avas belicA’^ed impor- 
tant that each item should be serviceable 
for any and all t)'pes of hospital installa- 
tions. Specific types of equipment for one 
or another echelon seemed impractical. It 
Avas realized that the handling of this 
equipment should be largely reflex, and 
that it should not be necessary for the op- 
erator to deliberate and study in detail 
the sequence of operation of the controls. 
In particular, it Avas believed important 
that equipment utilized in the forward 
echelons should be familiar also to the per- 
sonnel serA'ing in the rear aa'Iio might sud- 
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denly be moved to the front Tn • 
iier, the efficiency of transfer f 
to other areas could ^ Personnel 
peditiousivwith a ex- 

Od of foreign b?c^?™:nzrtioVrd pT vf 

extent of handling infections and derma- 
toses. These beheved-to-be essential funda- 
mentals were provided with the roentgen- 
ray machine unit and the field table com- 
bination. Roentgenoscopy could be ac- 
complished with the patient lying on the 
litter on which he had been placed when re- 
moved from the combat area. It could be 
accomplished with the patient recumbent, 
sitting, or standing. Roentgenography 
could be performed similarly. In connection 
with the adaptations for roentgenography, 
it was the original plan that films and 
processing equipment, together with chem- 
icals pertaining thereto, would be provided 
only for the fixed type of hospitals. Foreign 
body localization, with respect both to the 
horizontal and vertical planes, could be ac- 
complished with this equipment, within 
fifteen to sixty seconds and without the 
need for films or chemicals.^ 

The roentgen-ray machine was ordinarily 
utilized in connection with the field table. 
Depending upon the demands of the roent- 
genologic situation and to provide for use 
of the unit for ward work, a mobile chassis 
was designed. The earlier mobile chassis 
was equipped with small caster-type v/h eels 
for supporting the base. With the increase 
in the range of roentgen ographic activities 
over all sorts of rough ground and im- 
provised hospital buildings, this chassis 
was modified and equipped with large 
pneumatic rubber tires. 

A special tent was developed having 
lightproof characteristics. Double purpose- 
features w'ere provided for it, also, /he 
front curtains of it could be arranged to 
permit easy ingress or egress, sudi as wouia 


be requ,r«,, 

the curtains could I.e ‘ 

for a labyrinth arranc«n. -.'".‘ ’ ! 
derimr it pracrini r' 

f pporting struct,, n- n, • . 

n anT to s,',. 

an> area that midit he av-qq't*’ 

could be used inside'n ro,,,,,. i,' " 
ground tunnel, inside a laryer hnst,;, T,:.':,; 

or set up by Itself on the ,',„ts|.i..' ' 

A cominnatinn film dryer athiL.ii.,,.,,,- 

was also developed. It v.as de..i;tn...i in' 
^ctions in order to permit easy h.vmiline! 
ine Item was so nrrantted that it vs tvJ 
sJble to use it with the smallc^t tv'4 
hospital, and with multiple,-, of the sori:', t* 
was still practical for the inrast 
tions that might he cstahlhhed. 

In connection with the rcfjiiircmcnts m- 
roentgenography, there was provhkd a f lei 
processing unit designed in accordance witli 
the basic principle of minimum weiehr lur] 
fiexihility of installation. Tins item con. 
sisted ol a master chemical Sc'crinn and ;m 
auxiliary w-ash section. F.ach of thc'ceM-,. 
tained a tank and a pedestal. In fhr civc of 
the master chemical section, the tank jvr 
mitted the use of insert tanks, the ■..•a- f-t 
which depended upon the type of h>-f.pit,d 
installation with which it w.i'^ toed, ft 
pedestal section served to ciretdate v.ir.-r 
from the main tank into the lic:u:n;r co'..i f-r 
cooling compartment ft lie clcmvrv- *•! 
which were thermostatically t, onto, s i. 
7'he auxiliary wash section served tio r-;- 
pand the processing acconuniklam-n.. In 
appearance, it was similar u> the r-'ne'e: 
chemical section and had the p-unc p!; • 
dimensions and cajmeity. f Imerv :-r, 
pedestal unit did not ci-mtam ti’!' -. 'O 
ponents for water circulation, ret- .C'-Mm y. 
and/or heating. Uaf-er conm.-ytm-,' • 
these items could he Vn rule to a iy. i’ • y ^ 
water supply or continumr' emv uCy ■ ■ ^ - 

bucket .supply of cyatcr v- ;c, ^ . 

specially ttciugnv/ yc' ‘-y 
generator wa-^ proridcJ yi pro-r Oy'y y ■ 
a dependable ;'Cuir--'c r*. 


aiccrn.atmi.' c. iirmo'- 


fir 
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below 5 kw. was not suitable for the roent- 
gen-rav machine itself. Distortions in wave 
form, line surges and inefficient governor 
control were some of the common short- 
comings. Conventional generators were not 
designed to handle the sudden fluctuations 
of load, such as produced by energization 
of the apparatus; having sudden fluctua- 
tions of load and utilizing only half the 
wave (i.e., except for the smaller loads con- 
cerned with heating of the filament). The 
generator that was finally provided was the 
result of a careful analysis* of the require- 
ments of the roentgen-ray machine; it pos- 
sessed the characteristics necessary to 
minimize tube and cable failures. 

These were the initial problems ; problems 
such as those previously described.- Con- 
ventional commercial equipment was to be 
supplied to the installations located in the 
Zone of Interior. 

SHORTCOMINGS WITH RESPECT TO 
MATERIALS 

During the early phases of construction, 
materials of all sorts were available. Alumi- 
num and lightweight alloys were used ex- 
tensively, and tliereby weights were held 
at a minimum. Within the first year of 
large scale construction, shortages of the 
proper t^^pes of material produced a very 
definite problem. The Medical Department 
was no longer allocated the use of alumi- 
num. As a consequence, re-toolings were re- 
quired of the manufacturers and, in some 
instances, changes in design were necessary. 
Equally disturbing was the fact that 
weights were increased (several items which 
previously weighed below the 200 pound 
limit were increased 25 to 30 per cent in 
weight). 

At the height of the manufacturers’ 
production schedule, many important parts 
became highly critical; at times, almost un- 
obtainable. This applied particularly to the 
electrical components; meters, special 
switches and relays, power cables and wir- 
ings. 

* ‘i^g.nin particular credit is recorded for the special interest, 
3nd ingenious assistance provided by Air. E. R. Goldfield and 
the Picker X-rav Corporation in the designing of this item. 


LARGE SCALE REQUIREMENTS SATISFIED 

All manufacturers were invited to coop- 
erate with the Army in these developments. 
Some of them manifested particular inter- 
est in one item; some, in another. Contract 
awards were based upon special facilities 
and competitive biddings. 

It was advantageous to the Army that 
one manufacturer obtain a contract for the 
construction of all the units of one particu- 
lar type. This provided more definite as- 
surance that there would be complete and 
easy interchangeability of replacement 
parts. At the same time, it appeared prac- 
tical and desirable that the greatest possible 
number of qualified manufacturers be 
engaged in the overall procurement pro- 
gram. This policy was not only equitable 
to the manufacturer, but it insured expedi- 
tious, continuous and efficient supply. 

Regardless of the large quantities of ap- 
paratus required, practically all of the pro- 
duction schedules were completed on time. 
The manufacturers cooperated in a most 
meticulous and enthusiastic manner; the 
utmost of engineering skill was exercised, 
and many ingenious innovations were in- 
corporated into the various items finally 
produced. Consultations were exchanged 
back and forth betAveen representatives of 
industry and the Arm}'. Unfortunatel}", 
there Avas not sufficient time to permit the 
testing of pilot models under actual or 
simulated field conditions. B}'' informal ar- 
rangements, many unpredictable “bugs” 
AA’ere detected and eliminated just as soon 
as they became eAudent during the earl}’- 
Stases of actual construction. In addition, 
a considerable amount of A\aluable con- 
structiA’-e criticism permitted correction of 
defects as they became apparent as the 
first feAA'^ units AA'ere placed into operation. 

During the phase of preliminary plan- 
nings, an eflbrt Avas made to ascertain the 
approximate quantities of each item Avhich 
AA'ould be required. This information Avas of 
extreme A'^alue to die manufacturer, inas- 
much as it Avould permit him to plan and 
arrange his facilities to the adA’^antage of all 
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SHORTCOMINGS WITH RESPECT TO 


concerned. Various estimates as to the 
quantities required were suggested, but 
there was so much variation in these esti- 
mates that It was only possible to offer, at 
that time, statistics that were based pri- 
marily on probabilities. The following list- 
ing is therefore recorded so as to more 
definitely estimate the need in the event of 
a future mobilization; 


POLICIES 

Contrary to the original plannings (and 
contrary to the practice during World War 
I) toentgenoscopy did not supplant roent- 
genogi aphy ^ even in the most forward 
echelons. Films, film storage, and film 
processing equipment, chemicals, and dark- 
room facilities were demanded and sup- 


Ifem No. 
9605500 


9606000 


9607000 


9608508 
(no volt) and 
9608510 
(no-220 volt) 


9609005 

9609010 

961 1 500 
9611700 
9614500 

9619100 
9621 500 


rnmeojhem Mam.Sndunr 

A.-ray field unit, dryer and loading bin com bi- Buck X-Ograph Co. 
nation: Complete with air circulator; for 
field processing unit 

X-ray field generator: Gasoline powered, to D. W. Onan & Sons 
produce approximately 2,500 watts. Com- 
plete in chest 

X-ray field unit portable grid; Replacement Liebel-Flarsheim Co. 
grid for 9614500; also suitable for use in bed- 
side or similar type of roentgenography. 

X-ray field unit, machine, x-ray, 60 cycle: Con- Picker X-ray Corp, 
sists of I each of 9608600, 9608700, and 
9608808 


Westinghouse Electric Corp. 

Westinghouse Electric Corp. 

Westinghouse Electric Corp.; 
H, G. Fischer & Co. 

Westinghouse Electric Corp. 

Picker X-ray Corp. 


chassis for converting 9608608 or 9608510 to 
a mobile unit; rear wheels 15 inch diameter, 
front wheels 10 inch diameter. 

X-ray field unit processing unit, for darkroom : 
for film processing 

X-ray field unit processing unit, auxiliary wash 
tank 

X-ray field unit table unit: for field fluoros- 
copy, foreign body localization and roent- 
genography. Complete in chest 

X-ray field unit, bi-plane marker and re-on- 
entating device 

X-ray field unit, fluoroscopic, foreign body 
localization, complete: With table unit. 

Shockproof 15 ma. machine for use with 
both 110 volt and 220 volt current; i pair of 
gloves, I apron and i pair of goggles included 
with each assembly 

Wafer grids having an approximate dimension 
of 14X17 inch overall and with a 30 inch 
focal distance, as designed to fit the heavier 
field table as supplied by Westinghouse and 

WS? grids sppro™,.d,- nX.6 inch focn, LicW-Idscshcin C. 
distance, to fit the P.cker Arfow En,t 
(9621500) 


^lantUy 
Supplied 
1 ,966 

6,530 

1,441 


Transformers 


8,985 

Controls 


9,035 

X-ray tubes 


12,056 

Cables 


20 ,j 8 o 

Chest ME) X-i, old type: Tubestand and chas- 

Picker X-ray Corp. 

3,706 

sis for converting 9608508 or 9608510 to a 
mobile unit; rear wheels 8 inch diameter, 
front wheels 4 inch diameter 

Chest MD X-i, new type: Tubestand and 

Picker X-ray Corp. 

868 


2,3JJ 

1,000 

2,?il 

875 

1,898 


Liebel-Flarsheirn Co. 




1 ,724 
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plied even in the motorized Evacuation 
Hospitals and the forward elements of the 
Field Hospitals. Graphic evidence and per- 
manent records, such as the roentgen-ray 
film, were believed necessary. The doctors 
of this war had become roentgenologically 
conscious. The surgeons wanted to see the 
roentgenograms. Many of the roentgenolo- 
gists consoled themselves with the expres- 
sion that “roentgenoscopy produced a bot- 
tle-neck in the handling of the patient, any- 
way.” Even for foreign body localization, 
anteroposterior and lateral film studies, re- 
gardless of distorted anatomical relation- 
ships, were preferred by many to the more 
accurate and more rapid roentgenoscopic 
foreign body localizations. 

Roentgenologists requested a rigid table 
top; they asked for equipment to permit 
easier handling of the patient for roentgen- 
ograp/iy — even though it did require mov- 
ing the patient from the litter to the table 
top and then back from the table top to the 
litter. They asked for a moving “Potter- 
Bucky” diaphragm — for many thought 
that the factor of momnent of the grid 
(versus grid ratio) was the all important 
factor concerned widi clean-up of scattered 
radiation and fogging. 

Some requested a field type of stereo- 
scopic cassette changer. Others requested a 
field stereoscope. Some wanted a field unit 
having a capacity of 100 milliamperes (as 
compared with the 30 ma. provided with 
the standard type of x-ray field unit). 
Many of these requests were based upon 
the inability of the commercial designs of 
equipment to withstand the rigors of field 
conditions and also the considerable weight 
which characterized many of these items. 
In addition, there were numerous requests 
lor various tA’pes of roentgenographic auxil- 
iaries: tunnel changers, spot film and serial- 
ographic devices, angulation boards, etc. 

MORE RECENT DEVELOPMENTS 

In order to provide for some of these 
Wants, the Army School of Roentgenolog;)’' 
continued with research efforts, throughout 
the Emergency; developing items for the 


immediate requirements of the conflict and 
formulating plans for a long-range pro- 
gram. 

Constructions and reconstructions were 
made of a field packing chest having a de- 
sign such as to provide for converting it 
into various items of office furniture suit- 
able for a temporary field roentgen-ray de- 
partment. Packing chests had been pro- 
vided for all items which were originally 
intended to be used wnth mobile installa- 
tions. Other equipment was simply crated. 
This was the case for the combination film 
loading bin and dryer, and also the film 
processing units — the master chemical sec- 
tion and the auxiliary wash section. These 
items were shipped from the manufacturer 
in ordinary packing crates. 

It seemed impractical to provide a pack- 
ing chest for each component of these items. 
Instead, in order to simplify the problem 
of supply, the handling, and the shipment, 
the ideal arrangement appeared to be tliat 
of a single chest. The inside dimensions of 
this chest were such as to permit accommo- 
dation of any of the above mentioned 
components — ^the film loading bin, the 
dryer, the master chemical tank (of which 
there were two styles: the compact stainless 
steel type and a larger bulky wooden type) ; 
the pedestal section for the master chemical 
tank; the auxiliary wash tank (of tvhich 
there were two styles: a compact stainless 
steel t^-pe and a larger bulky -wooden t)q>e) ; 
and the pedestal section for it. Internal 
bracings, fixation straps and supporting 
panels served to secure these items irre- 
spective of the variations of dimensions of 
the items. In most instances, there re- 
mained some space for additional packing 
of films, chemicals, linens, and other mis- 
cellaneous items (Fig. i< 7 , ir, it/, Je). 

After this chest was unpacked, it could 
be converted into one or another of the 
following items: desk, table, settee, book- 
shelf, clothes rack, storage cabinet, reserve 
water tank (90 gallons), or auxiliary wash 
tank. For the latter two adaptations, there 
was provision for making connections to 
community plumbing (Fig. 2 a, 2b, 2 c, 2d, 
'2.e,2j), 
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Fig. 1 C 


Fig. Bottom section of chest used as a table. 
Fig. lb. Top section of chest used as a desk. 

Fig. ic. Bottom section utilized as bookshelf. 

Fig. id. Top section utilized as a storage cabinet. 

With the assistance of H. G. Fischer and 
Company, Chicago, Illinois, there was de- 
veloped a stereoscopic cassette changer, of 
the field t>’pe. The design was such as to 
permit it to be set up in a few moments’ 



Fig. lb 



Fig. id 

time. It was possible to use it either with 
the field roentgen-ray equipment or with 
any other standard design of equipment. 
There was provision for release of the cas- 
settes by remote electrical control (Fig. 3). 




Top section utilized as a clothes cabinet 


na Stereoscopic cassette changer. 
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Fig. 4f. Table top positioned — at either end of the table — with Potter-Bucky diaphragm for vertical roent- 
genographic studies. 



Solid table tops were constructed by the 
Picker X-ray Corporation and also fiy 
H. G. Fischer and Company. In both in- 
stances, Potter-Bucky diaphragms were 
incorporated. The removability of this 
table top permitted various adaptations 
for roentgenoscopy and roentgenograph} 
and it also permitted direct placement 
the patient and litter, as originally planner 
[Fig. 4a, 4^, 4 ^, 4 ^, 4 ^)’ . 5 

A combination spot him and scn< 
rraphic device with auxiliary component,^ 
ras constructed. This item consi'-rcd 
nain tunnel housing and atixihar} 
nents designed to permit a single, cf^;- 
nit to be convertible into any 
f accessory aids. It was doignc), t 


Ffo. 4^. T.ihk top jv>-.:f5on-;e 
fiscopy. 




■jj ffB-nfi" 
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IG. 5C. Device attached to fluoroscopic screen for 
use in horizontal roentgenoscopy. 


M 












ir,o ii Device used as a tunnel changer or stereo 
^ cassette changer at the beds.de. 








Sfcdri ftactu-res. 
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tially for operation in conjunction with the 
field roentgen-ray equipment. However, it 
could also be utilized with other types and 
designs of standard apparatus. In addition 
to its adaptation for spot film and serial- 
ography (incorporating an automatic 
change-over circuit for boosting the roent- 
gen tube current from a roentgenoscopic 
setting to a roentgenographic setting), it 
could also be used as a stereoscopic cassette 
changer, tunnel changer, angulation board, 
for tube under-the-table roentgenography, 
and as a kymograph. This device was of 
course intended for large hospital installa- 
tions (Fig. 5rf, 5^, s^} 5 ^ 5 ^, 5f)- 

Finally, the Picker X-ray Corporation 
developed a four-valve, fuIl-wa^^e rectifica- 
tion component which could be adapted to 
the standard field roentgen-ray machine. 
By this means, it was possible to increase 
the capacity of the unit from 30 ma. (half- 



Fig. 6a. Close-up of rectification tank and conver- 
sion meter unit connected to the field unit to pro- 
vide four-valve full-wave rectification. 

wave) to 100 ma. (full-wave). It was also 
possible, with this arrangement, to recon- 



Fig. View of four-valve rectification component operated in conjunction vith the field roentgen-ray 
nnit, table unit and rigid table top. 
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vert the unit to 30 ma. if desired. The model hn V I Tt 

was extremely compact, simple to operate )ine‘’of ^ 

and rugged. It was contemplated that witf,’ militaL^7”’“* ‘''<= ^T'ircl 

the use of this component it should noTbe foncZ Permitting k ,0 

necessary to include as standard items any cWir r HV 7* ■'’"‘1 

of the commercial high milliamperage tabll To fulfill rh"‘^ 7' throughout the world, 
units— equipment which, becLse^of its / should be a basic 

bulk and weight had been founTto ;rnr ill rnction'Sh"' “™- 

impractical for transnortation inofollo ^^^ction. 1 he basic componenr 

tion at scattered ArmyToS "'’“'k, ““l 

nrm> Hospitals. portable. It should be rugged. Used alone or 

SUMMARY tyrth auxiliary components, it should serve 

vJrjS™ r'*"?"* •"< ha:'i:'sSs"“: 

>b,.L.„.i“S£izs.x sx-rr^Tss 

world, as experienced during the past pies to it or by the addition of simple ac- 
rnobilization and conflict, meager informa- ' ' ^ ‘ . 

tion was available as to the desirable mili- 
tary characteristics of each item of equip- 
ment and the quantities of such equipment 
which would be required to fulfill the de- 
mands. With consideration of possible fu- 
ture responsibilities for military planning, of civilian institutions. There would be nn 
there were recorded certain axiomatic prin- ever constant and progressive development 
ciples which have dominated past develop- of a strictly military line of equipment, 
ments. The quantity requirements of the This line of equipment should be inclusive 
basic items, such as concerned with World notonly of basic items, but also of auxiliary 
War II, are cited and there are mentioned apparatus. 

here certain shortcomings and suggestions. Each item in the military line of equip- 
Specially constructed equipment should ment should be made up of components 
not be necessary when the outbreak of war easy to assemble or disassemble. Incre 
appears to be imminent. The evolution of should be no loose or detachable sma 
the design should be gradual and should parts which could be easily kjt or mis- 
^ o Aa-TTT af- ra an rf ninrpd under chanmni? held conditions, xm 


..v^ It. wx tiiL. auuiLlUXi UJ HC- 

cessories or attachments. Conventional 
commercial equipment should not be pro- 
cured for use where it will be required to 
function under field conditions. Such equip- 
ment should be restricted for those installa- 
tions where the facilities are similar to those 
of civilian institutions. There would be an 


the design snouia oe graauai anu suuuju vviuvn 

permit the trial of a few items at a time and placed under changing held ^ 
thereafter improvements should be made items should be designe to 
in such items based upon field and fixed ing chest. Rather, -shoidd 

hospitals, testings and recommendations designed first “ 

Modern innovations providing mechanical and then the norkinu chc^t slmufd 

and electrical improvements should be accommodate it. The pa k g ^ 

tested and, when practical, they should be have Jd tr^'^orted with oilier 

incorporated into the strictly Army equip- of these 

it. In this manner, gradual improve- exar^^^^^ 

.. of anv basic item an c rcquircnicnri;. 1 bj 

clmiild urovide for the griai- 


inco 

ment 


form an ce possessing the very 

gineering developments. be’possihle fo conven u- 

It should not be necessary to ha\e on f furniture anu 

design of equipment for one t}-pc o ’O^PJ ^ ^ equipment. 'I he chest.- 

and a different design for another t> peer om ii 


Mien the equipn^it^^. 
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waterproof, dustproof, and permit fungi- 
proofing, moistureproofing and corrosion 
treatment of the subject items included 
within. 

Electrically, the equipment should be 
designed to operate from either community 
supply or portable generator sets. They 
should be able to utilize voltages in the 
iia-250 volt range and possibly 440 volts 
at 50-60 cycle, alternating current, single- 
phase. When extreme portability is re- 
quired, a combination electrical generator 
and roentgen-ray unit designed for 400 
cycle operation might be practical. 

In connection with the basic components, 
there should be developed a complete as- 
sortment of auxiliary aids with provision 
for adaptation without the use of special 
tools. Here again, single purpose items 
should be avoided. Every effort should be 
exercised to provide multiplicity of purpose 
to tire extent of including, two, tliree, or a 


half dozen functional adaptations. Some 
caution must be exercised in this regard, 
however. 

The mode of roentgenologic practice 
cannot be anticipated. At the present time, 
the greatest emphasis is directed toward 
roentgenography; roentgenography versus 
roentgenoscopy. As group practice, sociali- 
zation, regimentation and legal medical 
practices continue to expand, it seems quite 
likely that there will be continued desire 
for permanent, graphic film records; roent- 
genography and repeated roey}tge 7 iog}-aphy 
of most patients. 
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-'.N'rGF.X rays liavc become a ver)’ 

’ -. 'irtarit agent in medicine. The pos- 
\ of iirfiiEcncinu living tissues by their 
w;is recogni'/x'(i vithin a few months 
heir di;-co'>'er}' and in the early years 
i'iderabli amount of more or less 
i a.nf; enu'iric therapy was attempted, 
p.'ititnts v.vre ‘ound to be benefited, 
wr- t;o eou'.i was accomplished and 
nr.'.v-' a.ctmd harm seemed to result, 
a :\b!{ ed'ect bad been obtained 
!■ ewe, there was no assurance that 
rcatn'.eiit vdiich ]>ronuced it could be 
tw.i. I ui>es ami generators were very 
ibir :n bciUnhor, and little or nothing 
e- 'vet kri'.v, n ot the significance of the 
.-VC.'!! factors. Jt was evident 
x.me mean', of measuring dosage was 
itia’i before real prtjgress could be 
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tbema and epilation. The value of the lat- 
ter in the treatment of ringworm of the 
scalp was at once evident, provided it could 
be assured that the epilation would be 
temporary. It was the need of establishing 
such assurance that led to one of the first 
attempts at quantitative measurement of 
roentgen-ray dosage, the pastille radiom- 
eter. 

Pastille Radiometers. In 1902, Holz- 
knecht,’*^ utilizing the knowledge that cer- 
tain chemicals underwent color changes 
under the action of roentgen rays, offered 
the first dosage measuring instrument, 
which he called a chromoradiometer. It 
consisted of a graduated color scale and a 
scries of capsules filled with a solution 
whose composition was not made public. 
However, its behavior was not satisfactory 
and it was soon withdrawm from sale. 

In the next two years, other color 
changes w'ere tested, but nothing practi- 
cable was devised until Sabouraud, in 1904, 
thought of using the color change which 
had been demonstrated when the platino- 
cyanide of barium Avas exposed to roentgen 
rays. Jn collaboration with Noire, he de- 
vised a very simple radiometer for the one 
purpose of indicating when an epilating 
dose had been administered.*’^ 7 'he standard 
was a card carrying two colored disks. One, 
a brilliant green, Avas tlie color of unexposed 
pastilles of the cyanide, the otlier an orange 
color, Avas the shade assumed by a pastille 
placed iialf Avay hetAveen the skin and the 
tulw target, when an epilating dose had 
been ddiA'cred at, the skin. In practice the 
P'a-tiHe Avas ])ut in the half-Avay position, 
the tube fjperated for a time tliought to lie 
5 e-- than sufficient, the test pastille c<im- 
p;uvd with the starulard, and this inter- 
n;!ffs:nr irradirttietn carried <()n iintd the test 
pirn*; di'i'.Aed the desircif change, h'or rlie 
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quantity. The Fiirstenau intensimeter de- 
veloped in 19153^^ was the only successful 
commercial instrument of this type, and it 
was never very widely used, partly because 
of inherent instabilities and partly because 
within a few years better methods became 
available. It was, however, the first practi- 
cal instrument by means of which it was 
possible to measure the output of the 
roentgen tube while it was in operation. 
The active selenium was enclosed in a 
light-tight cell at the end of a long cable 
consisting of two electric leads attached to 
the two ends of the metal strip. This 
comprised one arm of a Wheatstone bridge 
(an instrument for measuring electric 
resistance), the rest of which was enclosed 
in a box to which the leads were connected 
and which could be kept at some distance 
from the roentgen tube. The indicating 
galvanometer was also in the box, reading 
on a glass scale set into one side of it. The 
selenium cell was placed on the skin of the 
patient, in the center of the irradiation 
field and the bridge adjusted so that the 
galvanometer reading was zero. When the 
roentgen rays were turned on, the re- 
sistance of the selenium decreased, the 


target-skin distance, filter, and time of 
exposure. (The size of the irradiated field, 
which is usually listed as a physical factor’ 
need not be considered here.) If a radiolo- 
gist decided to use a certain voltage- 
filter-distance-milliampere combination, he 
could determine experimentally the time 
required to produce an epilation or an 
erythema. Then by giving longer or shorter 
exposures he could administer fractions or 
multiples of the erythema dose. However, 
he could not alter any of the other factors 
without re-determining the standard dose. 

In 1915 and 1916, Shearer*'^’*^ collected 
theoretical and experimentally determined 
data regarding variation in dose with 
variation in physical factors and estab- 
lished a formula which was long the sole 
basis for dosage determination for many 
therapists, particularly dermatologists. This 
was based on “observed” facts* that 
(a) the intensity varies directly as the 
milliamperage; (/^) the intensity ^'■aries 
directly as the square of the voltage; 
(c) the intensity varies inversely as the 
square of the distance from the target to 
the skin. Hence the dose of radiation for 
any treatment varies as 


bridge was unbalanced to a degree in- 
dicated by the galvanometer reading. 
Within limits, this was proportional to the 
intensity of the radiation. A scale was 
provided for reading this intensity in 
“I units” and conversion data were sup- 
plied for relating these to the Sabouraud 
and Holzknecht units. 

Physical Factors of Radiatiori. As long 
as roentgen tubes and sources of high 
potential were subject to great individual 
variations, the output of radiation fluc- 
tuated from exposure to exposure, and 
even from minute to minute, and it was 
necessary to measure dosage for each 
treatment. After the introduction of the 
closed core transformer and the invention 
of the Coolidge tube, equipment was 
available which operated with remarkable 
steadiness. It then became possible^ to 
control dosage by controlling the physical 
factors. These were voltage, milliamperage. 


mill iamperes Xkilovolts Xkilovolts Xminutes, 
distance Xdistance 

and the result of a change in any one of 
these can be calculated. It must be noted 
that the filter does not appear in this 
formula; it holds for any given filter, but 
the basic dose must be re-determined for 
cscJi one* 

MacKee*^^ promoted the practical use of 
this formula, determining basic doses for 
all filters customarily employed in derma- 
tologic practice. . , • 1 

During this period the radiologist, who 
customarily worked with fairly fixed sets 
of factors except for time, fell into the ha it 
of specifying his doses in terms of mi - 
liampere-minutes, the product of the mh- 
liamperes and the time of exposure. Ut 
course the number of milliainpere-minutes 
required to deliver an erythema dose is 

* Actually W is true only over a vep' Ji-ited range, as has 
been shown by more extensive obsers-ation. 
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6 . The apparatus must work equally well 
with any installation. 

A proper ionization instrument was 
stated to fulfill all these conditions; and 
he presented his, the iontoquantimeter. 
The ionization chamber^ of i cubic centi- 
meter volume, was enclosed in thick lead 
on all sides except the top, which was of 
very thin aluminum to admit the radia- 
tion. It was attached to one end of a long 
cable of flexible rubber, carrying an em- 
bedded wire connected to the center 
electrode and shielded with a flexible metal 
tube. This wire led to the electrometer, 
with a needle reading directly on the scale. 

Szilard proposed a new unit instead of 
Villard’s. He felt that the fundamental 
significance of the ion should be recog- 
nized, and his unit was “the amount of 
radioactive energy necessary to set free a 
single ion in air under normal conditions of 
temperature and pressure.” Of course this 
was much too small for practical use, so 
the practical unit was to be the mega- 
mega-ion or 10^2 ions; this is equivalent to 
340 electrostatic units. 

Christen^ (19I4) accepted Szilard’s unit 
and instrument. However, he called at- 
tention to the fact that the dose is not the 
quantity of radiation impinging on a 
surface, but the energy absorbed. He there- 
fore proposed as the unit of dose “10^^ ions 
absorbed by one cubic centimeter of dry 
air at 15° C. and at normal atmospheric 
pressure,” and suggested that it be called 
a szilard. He tlien suggested that it might 
be even better to calculate in ergs the 
amount of energy whichwould be required 
to set free 10^^ ions. The dose would then 
be expressed in ergs per cubic centimeter. 

Thus, by 1914 the units accepted at the 
present time had been proposed. However, 
a considerable amount of time was to 
elapse and much research to be carried out 
before they -were formally accepted. 

Both Szilard and Christen encountered 
practical difficulties with tlieir ionization 
chambers. The reasons for this were 
complicated — partly due to neglect of such 
precautions as the employment of satura- 


tion potential on the chamber, and partly 
due to ignoring the effect of scattered and 
secondary radiations from the chamber 
itself or from surrounding objects. Physi- 
cists had long been aware of the significance 
of these factors in ionization measurements, 
but their importance was not realized in 
practical dosimetry. Duane^® called them 
to attention repeatedly, after 1914, point- 
ing out particularly that ionization cham- 
bers used for standardization should be of 
the “open air” type. That is, the beam of 
radiation should enter and leave the 
chamber by diaphragms and the ionization 
in the air should be due only to the primary 
beam and not to any secondary or scattered 
rays from any metal or other solid parts of 
the apparatus. He reworded Villard’s 
definition to state that “the electrostatic 
unit is that intensity of radiation which 
produces under saturation conditions one 
electrostatic unit of current per cubic 
centimeter of air under normal pressure and 
temperature” and designated it as E. 

In 1918 Kronig and FriedricJP® pub- 
lished their comprehensive study on roent- 
gen-ray measurements. They used the unit 
defined by Villard, calling it e. In 1921 
Solomon®' proposed his unit, R (Rontgen) 
defined as “the intensity of a roentgen 
radiation producing the same ionization 
per second as one gram of radium placed 
2 cm. from the ionization chamber and 
filtered with 0.5 mm. of platinum.” 

By this time it had become apparent 
that some form of ionization unit would be 
preferable to any other method of measure- 
ment then available. It was also realized 
that standardizing the output of a roentgen 
tube was not the only thing necessary in 
describing the dose of radiation receive 
by the patient, but that the physical 
factors of the radiation, the size of the 
patient, the position of the tumor mass, ant 
other conditions had to be considcreo. 
Hence research proceeded along two mes, 
standardization and clinical dosage, it 1 
regard first to the matter of stam arc iza 
tion, two interlocking problems had to v- 
settkd—the best choice and definition jI 
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SRturEtion current. The uuir "urac u i 

called the “roentgen” and designated bv r' however, only agreed to within +13,5 
This definition was left unchanged at the ner Tt’ a difference of 50 

Third International Congress of Radio ogy ZerV the 

in Paris in 1931. At the Fourth In emf farae^ 

tional Congress of Radiology in Switzer" and ReS' discrepancy was intolerable 

land in 1934, tire question^i^as rais 7 o? wfth !pe^ af a r blTht 
broadening the definition so that thp nnJi- a brought one himself to 

could als/apply to gantTr rt^s. tZ tse ^ 

at the Rfth International Congress If ZZjoX et in s” dT“ 
Radiology, in Chicap in 1937, the Inter- per cent difference from Gksser and 
national Committee for Radiological Units, Portmann’s standard. They also checked 
of twenty-three members, representing the Solomon unit and found a ratio of a 26 
twelve countries, adopted a definition R to i r. A considerable number of otlier 
hich was again to be regarded as pro- comparisons tlirough secondary standards 
visional until the next congress, and rvhich were made in various European countries, 
is the one used at present:” In 1930 Taylor,®* at the United States 

I. The International Unit of quantity or Bureau of Standards, devised a guarded 
fforc of x-rays or gamma rays shall be called the. Held standard ionization chamber that 
“roentgen” and shall be designated by the made it possible to construct a standard 
symbol “r”. ^ instrument in portable size. This he took 

. 2. The roentgen shall be the quantity of x- to Europe and was thus able to make 
or -gamrna-radiation such that the associated direct comparisons in the standards labora- 
corpuscular emission per 0.001293 gram of air tones of England, Germany, and France.®^ 


produces, in air, ions carrying i e.s.u. of quan- 
tity of electricity of either sign. 


Careful comparisons under standardiza- 
tion conditions showed less than i per cent 
discrepancy among the four standards, 
when the Solomon ratio was taken as 
2.29 R = i r. As a consequence of this 


Standard lotnzation Chambers. As soon 
as an international definition was first 
established, various laboratories in the 
different countries developed standard in- study, Solomon adopted the guarded field 
struments, against which secondary stand- chamber instead of the closed thimble 
ards could be calibrated. Inter-laboratory chamber. From the physical point of view, 
and international comparison of these the roentgen is now an accurately estab- 
standards was highly desirable. However, lished unit. _ • i v,' 

the standard chambers were heavy, and Clinical Dosmelry. While all this re- 
difficult to transport, and it was necessary search was being carried out on the s tan d- 
to develop small secondary chambers, ard dosage unit and measuring device, 

which could be calibrated against the dosimetry was also developing along^ other 

national standards and carried abroad for lines. Fundamentally, the need lor osa^ 
comparison with other instruments. Glas- determination is in relation to the patient 
ser Tnd Portmann^’ developed such small how much radiation is ^ 

chambers and by means of them compared what can be al 

several standard chambers in this country, devices were designed to s j 
finding agreement to ±4 per cent Several eythema or 1 “ Z 

French instruments calibrated by tlie administered, and ■ - J , 

Solomon standard and sent to the United form 

States were found to agree arnong them- unit. ‘ . (.rvthcma dose to 

selves witJlin ±5 per cent, and to give a ' xienbock, or other units, for 

ratio of I roentgen equivalent to 2 1 '^3 „„d’n,etiio<ls of , •.dm.,. - 

Solomon R. Seven German instruments, different roltagcs 
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called the roentgen” and designated by r 
This definition was left unchanged atihe 
Third International Congress of Radio ogv 
m Pans in 1931, At the Fourth Interna- 
tional Congress of Radiology i„ Switzer- 
and m 1934 the question was raised of 
broadening the definition so that the unit 
could also apply to gamma rays. Finally 
at the Fifth International Congress of 
Radiology, in Chicago in 1937, the Inter- 
national Committee for Radiological Units, 
of twenty-three members, representing 
twelve countries; adopted a definition 
which was again to be regarded as pro- 
visional until the next congress, and which 
is the one used at present:^^ 

I. The International Unit of quantity or 
dose of x-rays or gamma rays shall be called the 
“roentgen” and shall be designated by the 
symbol “r”. 

. 2. The roentgen shall be the quantity of x- 
or ’gamma-radiation such that the associated 
corpuscular emission per 0.001293 gram of air 
produces, in air, ions carrying i e.s.u. of quan- 
tity of electricity of either sign. 

Standard Ionization Chambers. As soon 
as an international definition was first 
established, various laboratories in the 
different countries developed standard in- 
struments, against which secondar)^ stand- 
ards could be calibrated. Inter-laboratory 
and international comparison of these 
standards was highly desirable. However, 
the standard chambers were heavy, and 
difiicult to transport, and it was necessary 
to develop small secondary chambers, 
which could be calibrated against the 
national standards and carried abroad for 
comparison with other instruments. Glas- 
ser and Portmann^^ developed such small 
chambers and by means of them compared 
several standard chambers in this country, 
finding agreement to ±4^ cent. Several 
French instruments calibrated by the 
Solomon standard and sent to the United 

/- 1 . rt tr^rxnfr f'nPfT!— 
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Wyer, only agreed to witliin -t,- - 
per cent, and showed a difference of 
per cent between the German and the 

and US' "'••'S intolcrabC 

wfth T ructed two chambers 
th special care, brought one himself to 
America and sent the other by JSger by a 
different route." With these instrume'nts 
they found only 4 per cent instead of co 
per cent difference from Gksser and 
I ortmann s standard. They also checked 
the Solomon unit and found a ratio of 2.26 
R to 1 r. A considerable number of other 
comparisons tlirough secondary standards 
were made in various European countries. 

In 1930 Taylor,®* at the United States 
Bureau of Standards, devised a guarded 
field standard ionization chamber that 
made it possible to construct a standard 
instrument in portable size. This he ttiok 
to Europe and was thus able to make 
direct comparisons in the standards labora- 
tories of England, Germany, and France.®' 
Careful comparisons under standardiza- 
tion conditions showed less than i percent 
discrepancy among the four standards, 
when die Solomon ratio was taken as 
2.29 R = i r. As a consequence of this 
study, Solomon adopted the guarded held 
chamber instead of the closed thimble 
chamber. From the physical point of vie^v, 
the roentgen is now an accurately estab- 
lished unit. 

C/iniea/ Dosimetry. While ail this re- 
search was being carried out on the sranu- 
- r- , cicvicc, 



Solomon standard and sent to me e. hc.. 
States were found to agree among them 
selves within ±5 pet ‘^ent, and to give a 
ratio of i roentgen equivalent to ..i 
Solomon R. Seven German instruments. 
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unit. The literatiu-c contmiv ^ 

articles relating the r-r 
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nurn, carbon, and horn, calibrating each 
against their open air standard chamber. 
They found that the horn chamber gave 
readings in the same ratio to those of the 
standard over a much wider range than 
any of the others, and therefore used it for 
their final depth dose measurements. They 
also compared these chambers with other 
types of dosimeter—Kienbdck, Furstenau, 
Sabouraud-Noire. 

Kronig and Friedrich then made careful 
and detailed measurements of the radiation 
on the surface and at various depths in the 
phantom, for a range of fields and filters. 
By covering the region of the primary 
beam, they actually measured the sec- 
ondary radiation. And they studied the 
distribution of the radiation throughout the 
field, demonstrating a slight decrease 
toward the edge of the geometrical beam 
and an abrupt drop outside it. This work 
may be considered the basis of modern 
determination of tissue dosage. Many 
investigators since then have carried out 
much more extensive studies, realizing 
that actual measurement was necessary 
for all practical sets of physical fac- 
tors. Dessauer and Vierhel- 
ler^® developed charts showing the distribu- 
tion of radiation in vertical and horizontal 
planes in beams of various sizes. The term 
isodose charts^ coined by Friedrich and 
Glasser with regard to distribution of 
radiation around radium sources^® is now 
generally applied to such distribution 
charts in the vertical plane. The use of such 
charts in actual size in conjunction with 
life-sized anatomical cross-section diagrams 
for accurate determination of dose at any 
specified point within the body, was ad- ' 
vocated by Failla,'-^ Weatherwax and his 
associates,^®" and others. 

Glasser and his associates were parti- 
cularly concerned with constructing a small 
thimble ionization chamber whose walls 
should have the same secondary radiation 
as air, or be “air-wall.”-'* Such a chamber 
should give readings parallel to the stand- 
ird open air chamber over a very wide 
ram^e of quality. Very satisfactory in- 
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struments of this type have now been 
developed."® Sievert, Glasser, and others 
developed small air-wall chambers in the 
form of condensers which could be sepa- 
rated completely from the measuring 
electrometer during exposure to the radia- 
tion. 

One other development deserves men- 
tion, although it has not yet led to any 
practical result. Since the effective dose of 
radiation is the energy absorbed by the 
tissues, it would be &ghly desirable ac- 
tually to determine this, as pointed out by 
Faiila and others.^-This has not yet proved 
practical. It is accepted that ionization 
produced in tissue is proportional to 
energy absolution, and that ionization per 
gram of air is for practical purposes 
equivalent to that per gram of tissue, under 
identical circumstances of irradiation. Hence 
ionization in air has generally been adopted 
as a satisfactory method of determining 
dosage. However, mention should be made 
of attempts to fill the ionization chamber 
with organic liquid and thus more closely 
simulate conditions in the tissue.®"’®" Up to 
the present time, such chambers have not 
proved of practical value. More recently, 
as will be discussed later, Mayneord has 
proposed a method of calculating energy 
absorption from isodose curves and thereby 
expressing total body dose. 

At this stage in the development of 
dosimetry it was possible by means of 
standard open air chambers to measure 
accurately in roentgens the output of 
radiation in air, and by means of air-wall 
thimbles, the ratio of radiation delivered 
anywhere within the body to that falling 
on the surface. But the relation of the 
surface dose to the air dose was still not 
accurately established. The air wall thimble 
could measure roentgens correct!} in am, 
after it had been calibrated against a 
standard, for a wide range of radiation 
qualities, but it was not certain \v ict ler 
this range was sufficient to account ^ 
very soft portion of the secondary radiatio 

at the surface of the body, so that doses 
delivered in the tissues could be exprc^sea 
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in roentgens. There were also other possible 
errors to be considered. The development 
of the extrapolation ionization chamber by 
Failla made possible tlie absolute measure- 
ment of tissue dose, both at the surface and 
witliin the depths of tlie phantom. It 
was then found that, over a wide range of 
quality of primary beam, suitably con- 
structed thimble chambers could be em- 
ployed to measure surface and depth doses. 
As the voltage range employed in therapy 
has extended into both higher and lower 
regions, special standard and air-wall 
chambers have been devised to meet die 
new conditions.^^*^'’’'-’'® 

Thus, the problem was settled of re- 
conciling measurement in air in terms of 
roentgens and in tissue in terms of fractions 
of an erythema dose, or other biological 
unit. At the present time, dosage is 
specified in terms of roentgens delivered at 
the point where the radiation is utilized. 

In practice, the output of the roentgen- 
ray tube is measured by means of an air- 
wall thimble chamber which has itself been 
calibrated against an open air standard 
chamber. With modern equipment the 
output is usually very constant, so that it 
need be measured only at intervals. Know- 
ing the roentgens per minute in air, or the 
total roentgens delivered in air, die radiolo- 
gist refers to published charts or tables to 
determine the roentgens per minute or 
total roentgens on the surface of the body 
or at any desired depth.®“'®^’ Or he 

may decide what dose he wishes to ad- 
minister to the tumor itself, and by means 
of the same tables determine the necessary 
exposure times. 

A number of dosimeters are on the 
market in Europe and America which 
satisfactorily measure the tube output 
in air. Most of the European instruments 
have die air-wall thimble chamber per- 
manently attached to the current meas- 
uring device through a shielded cable. The 
one in general use in the United States is 
of the condenser type. Instruments are 
also available for measuring the actual 
dose on the skin of die patient during treat- 


ment. These have not met with general 
acceptance. They are expensive, com- 
plicated, and, ill view of the satisfactory 
dosage tables available, not particularly 
desirable. 

At this point mention should perhaps be 
made of the monitor ionization chambers 
mounted in die roentgen-ray treatment 
cone and reading continuously while die 
machine is in operation. These are not 
dosimeters in any sense of the word, but 
simply, as their name implies, indicators 
diat die apparatus is functioning correctly. 
When the roentgen-ray output is calibrated 
with a proper air-wall chamber, the reading 
of die monitor is noted, and as long as it 
continues to give identical readings and 
voltage and filter remain imclianged^ the 
output is as measured. Since these moni- 
tors usually contain sheets of aluminum 
dirough which die beam passes, the ioniza- 
tion is largely due to secondary radiation. 
Any small change in quality of primary 
beam results in an unknown change in 
secondary radiation. Therefore, it is not 
practicable to calibrate such an instrument 
and use it as a measure of dosage. 

The Specification of Quality, Up to the 
present point, little has been said about 
the measurement of quality of radiation. 
Rontgen observed that the greater the 
lengdi of the parallel spark gap, the more 
penetrating the x-ray beam.®- He studied 
the quality by observing the penetration 
through a “platinum-aluminum window,” 
a piece of platinum foil and a ladder of 
aluminum. Either roentgenoscopically or 
photographically he determined the thick- 
ness of aluminum having the same trans- 
parency as the platinum, and found that it 
increased as the rays were filtered. 

The Benoist penetrometer (1902) was 
based on the same principle.'^ It consisted 
of a silver disk surrounded by a circular 
aluminum ladder. The aluminum steps were 
numbered, and the one which matched 
the silver disk represented the quality in 
B units. At that time it was believed that 
silver was “achromatic” with respect to 
roentgen rays; that is, that all qualities 
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The reading of the electrometer l^e he ' ™“‘ employed dtS 

ratio of the unfiltered to the hltereW early years of therapy. ss The suark o-^n 

.t was calibrated according to the Benoist SmlneTr’'' 

T • aetermmes the minimum wavelength in 

introduced the concent i.! [oentgen rays. This, however, 

of half -value layer as a measure of quaiity^io the lt7frT^'f^T 
He felt that tissue or water should be used inform 

but since this was impractical he Tub com- 

stituted bakelite. His apparatus contaiiTd FT remainder. It is therefore not a 

a sheet of heavy metal, covered 4Th 

regularly spaced small holes of such of“”’ '“^“^bermore, with the development 
dimensions that the sum of the areas of thp I potential” installations with 

holes was just half th™ ata of ^ sheet InTS „T 7 

717“ c bakehte that The spectrometry of roentgen rays led to 

did nnl understanding of the meaning of 

7 7o? ‘"^‘7'*"“' Pf'-bofations, quality, but the complete spectrum was 

but produced a uniform illumination, obviously not practical for a radiological 
bince halt the area of the plate was open, specification. It was shown, however, that 
the beam passing through it was just half there was a mathematical relation be- 
r u ^ original^ quantity. The thickness tween peak voltage exciting the roentgen- 
of bakelite which transmitted radiation ray tube, and minimum wavelength in the 
illuminating the fluorescent screen to the spectrum. Seemann®- (1924) developed a 
same degree as the perforated plate was simple and rugged spectrometer for deter- 
the half-value layer. Christen also called mination of minimum wavelength, which 
attention to the fact that in inhomogeneous enjoyed a certain popularity. Since specifi- 
radiation the second half-value layer was cation of minimum wavelength is subject 
considerably greater than the first, whereas to the same criticism as that of spark gap. 


in truly homogeneous radiation they were the method is not satisfactory, 
equal. Hence the ratio of second half- Instead of the minimum wavelength, 
value layer to first furnished a measure of some sort of average value which should 
the homogeneity of the beam. more nearly describe the entire spectrum, 

Szilard^^ considered the methods of seemed desirable, and Duane proposed the 
Villard and of Christen the “only irre- efee/lve u/aueleu^/hd^ This is the wavelength 
proachable ones,” but proposed that the of the monochromatic roentgen ray that 
absorption coefficient in air would have more has the same absorption in i mm. of copper 
meaning. Since, however, he determined as the whole beam under consideration. 
this by finding the half-value layer in water Other suggestions were an arcra^e ua. - 
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length, obtained from an average absorp- 
tion coefficient, or the average absoi'ption 
coefficient itself, in a specified material. A 
metal, usually copper, was advocated 
instead of the air or water used by Szilard. 
Christen’s idea of half-value layer was also 
favored, but again a metal was preferred 
to water. Holthusen and GollwitzeH® used 
copper, while Meyer and Braestrup®® se- 
lected aluminum. Mayneord and Roberts,®® 
after a critical discussion of methods of 
quality specifications, concluded tliat the 
simple half-value layer was not satis- 
factory, but recommended that if it was to 
be used, tin was the best medium. No one 
of tliese methods gives a rigid specification 
of quality; beams “equivalent” by one 
method are not necessarily so by an- 
other."^ Any one of tliem could, however, 
be used witliin certain limits if general 
agreement on these limits could be ob- 
tained. 

A different approach to the subject was 
tliat of Taylor and Singer®" (1934) who 
made absoi-ption curves in aluminum and 
in copper for roentgen rays produced at 
definite constant potentials. A similar 
absorption curve taken for any beam could 
be compared with tlie standard series and 
its constant potential equivalent deter- 
mined. 

International Standards of Quality. At the 
Second International Congress of Radiol- 
ogy, the matter of quality specification was 
considered, and left in a rather indefinite 
state. Voltage, filter, and general character 
of high tension apparatus were to be stated, 
and either half-value layer in “a suitable 
material” or effective wavelength. At the 
Third International Congress of Radiology, 
it was stipulated that in addition to tube 
voltage, tlie half-value layer should be 
specified; in copper if it exceeded o.i mm., 
and in aluminum for less penetrating ravs. 
The Units Committee for the Fourth 
International Congress recommended that 
for exact physical measurements, complete 
absorption curves in copper or aluminum 
were required but that for practical pur- 


poses the quality might be expressed by the 
first and second half-value layers of the 
same materials. The International Com- 
mittee for Radiological Units of the Fifth 
International Congress of Radiology speci- 
fied that: 

For most medical purposes it is sufficient to ex- 
press the quality of the x-radiation by the half 
value layer in a suitable material: Up to 10 kv. 
(peak) cellophane or cellone; 20-120 kv. (peak) 
almninum; 120-140 kv. (peak) copper; 400 kv. 
up (peak) tin. For a more definite specification 
of the quality of the radiation the complete ab- 
, sorption curve in the same material is prefer- 
able. 

It is recognized that the quality of the 
radiation changes as the beam passes into 
the body, becoming steadily less pene- 
trating. Some attempts have been made to 
measure the quality where tlie radiation 
is actually absorbed, with the idea that 
this might have more significance in 
therapy than die quality emitted by the 
tube. Quimby and McNattin'® made actual 
absorption curves within the depths of a 
paraffin phantom, by surrounding their 
ionization chamber with concentric shells 
of copper. Ill this way die half-value layer 
could be determined at the site of utiliza- 
tion of the rays; for filtered 200 kv. roent- 
gen rays of half-value layer 1.14 mm. 
copper in air, the half-value layer at 10 
cm. depth was 0.7 mm. Clarkson and 
Mayneord^- carried out experiments using 
a double ionization chamber, one section 
made entirely of carbon, the other in- 
corporating a copper absorber in the walls. 
However, die problem is technically diffi- 
cult, and while of theoretical interest, has 
not been demonstrated to be practically 
important. 

Any discussion of dosimetry in radiology 
would be incomplete without some men- 
tion of its relation to biological reactions. 
The early literature contains many ref- 
erences to the relation between the various 
proposed units and the erythema dose or 
skin unit dose. Numerous workers have 
made extensive studies with biological test 
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objects in comparison to ionization cham- 
bers in efforts to arrive at true biological 
dosimetry. Thus, to mention but a few, 
Jungling,'*® and Glocker and his as- 
sociates^' used bean roots, Holthusen,^ 
Ascaris eggs, Wood^°* and Packard,®' 'Dro- 
sophila eggs, Henshaw,'*^’’® various seeds 
and eggs. 

W'ork with living organisms inevitably 
led to the realization that a knowledge of 
the effect of the rate oj administration of the 
radiation was an essential part of biological 
dosimetn.'. This had been pointed out by 
Christen^^ in 1914. Its importance when 
treatment is given by protracted or frac- 
tionated techniques is very great, and at 
the present time little definite information 
is available. The studies on recover)' as 
related to erythema production by Reis- 
ner"® and by Quimby and MacComb,®®’” 
of HenshaWj'^- on time of cleavage of 
marine invertebrate eggs, and of others,^^ 
have only furnished an introduction to the 
matter. The time factor is at present one of 
the outstanding problems in dosage deter- 
mination. 

The otlier is the question of “body dose” 
or total amount of energ)' absorbed by the 
patient. The number of roentgens delivered 
to a deep-seated tumor with any given set 
ot physical factors may be tsvice as great 
for a large field as a small one, but the act- 
ual amount of energy absorbed by the 
patient’s body may be many times as great 
tor the large field. The importance of total 
body dose was early pointed out by Chris- 
ten.*^ Stenstrom*''^ again called attention to 
it in 1924. In recent years, intensive study 
]}ns }>een done, particular!}' by the British 
group of radiation physicists. May- 
neord has proposed as the unit the gram- 
roentgen, the energy conversion when one 
roentgen is delivered to one gram of air, 
which is approximately 85 ergs. Since this 
i< very small, his practical unit is one mill- 
ion tinies as great, the megagram-roentgen, 
which is equivalent to about 2 gram calories. 

'I'he purqiosc of this paper has been to 


present a historical survey of dosimetry in 
roentgen therapy from its beginnings to the 
present time. It is fitting, at tliis fiftieth 
anniversary' of Rontgen’s discovery, to re- 
view criricaJiy what has been accomplished 
and to look ahead at what needs to be 
done. The measurement of quantity of 
roentgen radiation in air is definitely set- 
tled. In clinical dosimetry, theory is ahead 
of practice, and there are still unsolved 
problems. However, the available informa- 
tion, properly used, puts radiation therapy 
on a reasonably exact basis, as far as its 
physical aspects are concerned. The ques- 
tion of quality measurement is not settled, 
but present standards permit satisfactory 
exchange of information. 

630 West 1 68th St., 

New York 32, N. Y. 
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UTILIZATION OF ANTIBODY FOR THE LOCALIZATION 
OF METALS AND DYES IN THE TISSUES 

PRELIMINARY REPORT 

By FIRST LT. LESLIE A. xMcCLINTOCK, S.C., and MAJOR MURRAY M. FRIEDMAN, iM.C. 

^rmy of the United States 


T he antigen-antibody reaction and the 
properties of antibody under various 
conditions have been studied extensively. 
The outstanding characteristic of antibody 
is that when it unites with an antigen it 
does so specifically. In this paper we present 
experimental evidence that this specificity 
can be utilized to transport metals and 
dyes which have been combined with anti- 
body, to predetermined sites in the tissues. 
Details of the method used to form the 
metal or dye antibody combinations will be 
described in another publication. 

EXPERIMENTAL 

Experiment No. /. Localization of Heavy 
Metal by Means of Antibody {Pneitmococciis 
'I'ype I). A control roentgenogram (Fig. lA) 
was made of the pelvis and hind legs of a 450 
gram guinea pig after the right thigh of the 
animal Nvas infiltrated with 10 milligrams of 
pneumococcus polysaccharide, Type i, sus- 
pended in 0.5 cc. of normal saline, and the left 
thigh was infiltrated in the same way with 10 
milligrams pneumococcus polysaccharide. Type 
II. 'I'he left femoral vein was then exposed and 
1.0 cc. of pneumococcus antibody, Type i, 
combined with approximately 60 milligrams of 
uranium was injected intravenously. The ani- 
mal died about twenty minutes after the injec- 
tion of this material. A roentgenogram was then 
made (Fig. iB). It showed a striking deposition 
of metal in the soft tissues of the right thigh at 
the site where the muscle was infiltrated with 
pneumococcu^ polysaccharide, Type i. None 
appeared on the opposite side where the Type 
II pneumococcus polysaccharide was injected. 

Experiment No. 2. Ltcalization of a Heavy 
Metal by .Means of Antibody {Pneumococcus 
Type ll]. This experiment was similar to No. i 
e.xcept that pneumococcus antibody, I ype ii, 
containing approximately (>o milligrams of 
uranium was substituted lor pneumococcus 
antibody, Type i. A preliminary roentgenogram 


of the pelvis and hind legs of the guinea pig 
was made (Fig. lA) after the right thigh of 
this animal was infiltrated with 4.0 milligrams 
of pneumococcus polysaccharide, Type i, and 
the left thigh was infiltrated with 4.0 milligrams 
of pneumococcus polysaccharide, Type n, 
suspended in 0.5 cc. of normal saline. Two cubic 
centimeters of pneumococcus antibody, Type 
n, combined with approximately 60 milligrams 
of Uranium was injected into the right femoral 
vein. The animal died in about twenty minutes. 
A roentgenogram (Fig. 2B) disclosed a deposi- 
tion of uranium in the left thigh at the site 
where the muscle had been infiltrated with 
pneumococcus polysaccharide, Type ii. None 
appeared on the opposite side w'here Type 1 
pneumococcus polysaccharide was injected. 

Experiment No. 3. Localization of Dye by 
Means of Antibody. Malachite green was com- 
bined with purified pneumococcus antibody, 
Type II, to form an antibody dye combination. 
A guinea pig weighing 300 grams was used as a 
control. Two cubic centimeters of pneumococ- 
cus antibody, Type ii, combined with the dye 
was injected into the femoral vein. The left 
lung was then infiltrated through the chest wail 
with 10 milligrams of pneumococcus polysac- 
charide, Type I. The animal was destroyed in 
about ten minutes. Examination at the lungs 
disclosed no discoloration other than .small 
hemorrhagic areas caused by the injection 
needle. Microscopically, only traces of the dye 
were seen in the pulmonary capillaries. The ex- 
perimental guinea pig weigiied about jeo grams. 
.As in the control experiment 2.0 cc. of pneumo- 
coccus antibody, Type ii, combined with the 
dye was injected into the femoral vein. Pneumo- 
coccus polysaccharide, 'I’ype li, was then in- 
jected through the chest wall into the lelr lung, 
'fhe animal died in about ten juinutes. Exami- 
nation of the lungs showed a gross greenish 
discoh/rarion on the left side. A .smaller amount 
of diiicoloraritm was al.^o seen in the right lung. 
Micrfjscopically, large aggregates oi tadorcti 
precipitate were seen in the ve-weL occluding 
many of the capillaries. 
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A B 

Fig. lA. Control roentgenogram of pelvis and hind legs of a guinea pig made after infiltration of right 
thigh with pneumococcus polysaccharide. Type i, and left thigh with pneumococcus polysaccharide, 
Type II. 

Fig. IjB. Roentgenogram of pelvis and hind legs of a guinea pig following the intravenous injection of 
pneumococcus antibody. Type i, combined with uranium. This shows a deposition of metal in the soft 
tissues of the right thigh at the site of the injection of specific antigen pneumococcus polysaccharide. Type 
I. None appeared in the left thigh where the Type ii pneumococcus polysaccharide was injected. 



A B 

Fig. iA. Control roentgenogram of pelvis and hind legs of a guinea pig made after infiltration of right 
thigh with pneumococcus polysaccharide. Type i, and left thigh with pneumococcus polysaccharide. 
Type II. 

Fig. aB. Roentgenogram of pelvis and hind legs of guinea pig following the intravenous injection of pneumo- 
coccus antibody. Type ii, combined with uranium. This shows a deposition of metal in the soft tissues of 
the left thigh at the site of the injection of specific antigen pneumococcus polysaccharide. Type ii. None 
appeared in the right thigh where the Type i pneumococcus polysaccharide was injected. 
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COMMENT 

These experiments were repeated a num- 
ber of times with similar results. The de- 
position of dye in the lung and metal in 
the soft tissues at the sites of specific anti- 
gen was unmistakable and took place with- 
in a few minutes after injection. It can be 
presumed, therefore, that the metal or dye 
remained firmly bound to antibody in the 
blood stream and that the specificity of 
antibody had not been materially altered 
by the combination. In view of the complex 
nature of the antibody-antigen reaction, 
the stability of the metal and dye antibody 
combinations is striking. 

Purified pneumococcus antibody, urani- 
um and malachite green were used in these 
antigen-antibody reactions. However, simi- 
lar combinations can be made with other 
materials. We have combined other anti- 
body and metals in the same way without 
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materially altering their immunological 
specificity. Examples of this, details of 
which will be reported later, were combina- 
tions of radium F (polonium) with anti- 
body against lymphocytoma, adenocarci- 
noma of the breast, and pneumococcus an- 
tibody, Type I and Type ii. These experi- 
ments suggest a procedure whereby uni- 
form radiation can be applied selectively 
to certain tissues. 

SUMMARY 

1. Experimental evidence has been pre- 
sented to show that under certain condi- 
tions purified antibody can be combined 
with metals and dyes without altering its 
essential immunologic specificity. 

2. Utilization of antibody for the locali- 
zation of metals and dye in the soft tissues 
of animals has been demonstrated. 
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SALIENT FACTORS IN THE TREATMENT OF 
HODGKIN’S DISEASE AND LYMPHO- 
SARCOMA WITH ROENTGEN RAYS 

By ARTHUR U. DESJARDINS, M.D. 

Section on Therapeutic Radiology^ Mayo Clinic 
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HISTORICAL CONSIDER-^ITIONS 

W HENj late in December^ 1895^ Ront- 
gen announced his discovery of the 
rays which, because he did not know their 
character, he chose to call “x-rays,” this 
announcement made a tremendous sensa- 
tion throughout the world. Perhaps the 
best account of the discovery was written 
by H. J. W. Dam and was published in the 
April, 1896, number of McClure s Magazine 
which, at that time, was one of the out- 
standing periodicals of this country. Within 
a few months, professors of physics and 
many others began to produce these rays 
by means of RuhmkorfF induction coils 
and Crookes tubes, and the new rays were 
soon being used to examine fractures and 
dislocations of bones, to record die situa- 
tion of foreign bodies, and also to determine 
whether or not the rays might have a 
favorable influence on certain pathologic 
processes. 

As early as 1896, an interesting example 
of the favorable effect of the rays was 
reported by Despeignes in Lyoti medical 
(France). This was the case of a man, aged 
fifty-two, whose healdi had been deteriora- 
ing for some time and who was thought to 
be afflicted with cancer of the stomach. 
After various other forms of treatment had 
failed to influence the patient’s condition, 
the idea of tr>dng roentgen rays was con- 
sidered. Beginning on July 4, 1896, two 
exposures, each of half an hour, were given 
daily for eight days to a single abdominal 
field. To the amazement and delight of all 
concerned, this treatment was followed by 
rapid relief from pain, and the size of the 
tumor diminished progressively. However, 
the patient’s condition continued to im- 
prove for only a short time, when it again 


deteriorated, and he died on July 23, 1896. 
A point of great interest was that the 
abdominal tumor had continued to di- 
minish until, at the time of his death, it 
could no longer be felt. Because, after the 
exposures to roentgen rays, the patient had 
been given injections of an “artificial 
serum” (Dr. Cheron’s formula), Des- 
peignes assumed that perhaps these in- 
jections had been responsible for the abate- 
ment of the pain, but he could not thus 
account for the reduction in size of the 
tumor, and he was greatly puzzled. 

A review of this early case report makes 
it seem more than likely that, considering 
the physical quality of the rays generated 
by the apparatus available at that time, or 
even without considering this factor, the 
patient could not have suffered from 
carcinoma of the stomach. An epithelial 
tumor could not have been influenced so 
rapidly or so much by treatment of this 
kind. The abdominal neoplasm — assuming 
that it was a neoplasm — ^must have been 
exceptionally sensitive to roentgen rays. 
At that time the comparative sensitiveness 
of different kinds of cells to roentgen rays 
was not known, but our present knowledge, 
which is based on a large body of experi- 
mental evidence and on extended clinical 
observation, makes it almost certain that, 
in view of the history of the patient’s 
illness, he must have been suffering from 
a form of lymphoblastoma (Hodgkin’s 
disease or lymphosarcoma) of the retro- 
abdominal (para-aortic) lymph nodes, with 
or without secondary involvement of the 
stomach. Only a condition such as this 
could have been affected so rapidly and so 
favorably by the rays. But, from the 
history of the case and from the large size 
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of the tumor, it is obvious that the malig- 
nant process had reached an advanced 
stage, when treatment of any kind could 
not be expected to stay its course for more 
than a short time. 


December, 154,* 


rhe rays on the tumor; (3) the more pene- 
tratmg the rays (the greater the depth 
dose), the less danger there is of injuring 
the skin; (4) the experiments of Regaud 
and his co-workers, which had shown that, 
when a given area is exposed to a small 
dose daily for a long time, a much larger 
total dose can be given without serious 
injury, and (5) the experiments of Wood 
and Prime, which had proved that it takes 
from five to eight times an erythema dose 
completely to arrest the growth of an 
epithelioma or carcinoma. 

There is no doubt that the main reason 
why the first two of the factors which 1 


GENERAL CONSIDERATIONS 

The tremendous and widespread in- 
fluence of habit is often astonishing. Most 
of us are aware of this influence on physical 
action or behavior, and we know how 
difficult it often is to break some of these 
habits. What is not so generally recognized 
is the influence of habit on thinking, and 
it is precisely because of our failure to 
recognize this ^ influence that habits of have mentioned have had, and still have, 
thought, of which, as often as not, we are such a widespread influence on roentgen 
not even aware, are so difficult to break, treatment has been the teaching of pliysi- 

For many years and it is more true cists who have justly stressed these points, 
today than ever before — ^it has become a 
habit or fashion to treat every kind of 
malignant tumor essentially by the same 
method. Thus, in general, carcinomas or 
epitheliomas, fibrosarcomas, chondrosar- 
comas, lymphoblastomas and so forth, are peutic radiology but, as I shall attempt to 
treated with rays generated at 200, 400, bring out later, treatment based entirely 
600, or even 1,000 kv., and filtered through on physical factors may not always yielil 
0 - 5 , 0.75, i.o, 2.0 or more millimeters of the most favorable results. Cellular biology 
copper or zinc, but sometimes part of the also- is an important phase of therapeutic 
filter may consist of a certain thickness of radiology, but too often it does not receive 
tin, and the treatment usually is given by as much attention as it deserves. It is 
the fractional method or by some modifica- certain that, when a radiologist allow.s 
tion of it. Commonly the aim is to deliver himself to be so completely submerged >} 
to the tumor or tumors the largest total physical considerations that he overlooivs 


The third factor has come from the 
universal desire, on the part of radiologists, 
to avoid serious injury to the skin and the 
lawsuits which sometimes follosv. 

Physics is an important phase of thera- 


dose which can be given without producing 
irreparable damage to the normal tissues. 

Why has this basic method been so 
widely adopted? After all, methods of 
treatment do not fall ready-made from 
heaven but are based on certain lines of 
thinking. The principal factors are: (i) the 
well founded idea that rays of different 
wave lengths act on cells and tissues in the 
same way, although the degree of their 
action varies with the cjuantity of ra)s 
received by the cells; (2) the concept of 
“depth dose,” according to which the 
greater the quantity of rays which pene- 
trates the body to a deptJi of, let us say, 
10 cm., the greater must be the action of 


the biologic factors, the results which lie 
obtains may not be as good as they might 

be. . , 

No one can question the expenmcnta! 

results obtained by Regaud and his coJ- 
laborators=’“*^ or those obtained by Wood 
and Prime. Long application of diesc 
results bv many radiologists tlirouglmui 
the world have fully conhrmcd tUcir 
validity as far as epithelial neopla>m.s arc 
concerned, and they are also -ippbw > c to 
other varieties of neoplasms 
equal or greater resistance to 


rays. But, when we have 
tumors composed mainly of cells o.. 


ni 


uch more sensitive to 


rat-nti'en 

widi 

}i,s which arc 
the rays than 
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epithelial cells, the validity of the principles 
established by Regaud and by Wood and 
Prime may be seriously questioned, and the 
applicability of the other physical factors 
which I have mentioned may also be 
questioned. 

This is especially true of tumors derived 
from lymphoid cells which, as is well 
known, are exceptionally sensitive to roent- 
gen rays. Elsewhere I have ventured to list 
the different varieties of normal cells in the 
order of their sensitiveness to roentgen 
rays,^ and I have also attanpted to give an 
approximate classification of neoplasms 
according to their sensitiveness.- Even 
a casual glance at these classifications is 
sufficient to make one realize that the 
sensitiveness of tumors agrees closely with 
that of the variety of normal cell of which 
each kind of tumor is mainly composed. 
If this is true — and a large body of ex- 
perimental evidence and prolonged clinical 
observation has removed all doubt on this 
point — then it must be clear that the close 
agreement between the sensitiveness of any 
variety of cells and that of tumors derived 
from these cells cannot possibly be a result 
of coincidence. Thus the sensitiveness of 
tumors derived from lymphoid cells, such 
as the timiors which characterize Hodgkin’s 
disease and lymphosarcoma, corresponds 
so closely to- the sensitiveness of normal 
lymphoid cells (lymphocytes) in lymph 
nodes, in the circulating blood, in the 
spleen, in solitary lymph follicles in the 
intestine and in all other aggregations of 
lymphoid cells that it would be well nigh 
impossible to doubt that these cells are 
identical in both cases. 

So important are these points that a 
radiologist who is thoroughly familiar with 
the relative sensitiveness of different kinds 
of cells and tvrmors can often make use of 
this knowledge to distinguish one variety 
of neoplasm from another, and in certain 
cases in which the opinion of a pathologist 
may conflict with the history of the pa- 
tients’ illnesses, with their clinical features, 
or with the effect of roentgen treatment, 
the effect of treatment may be more 


important than the unsupported opinion 
of the pathologist. Best of all, of course, 
is a critical correlation of all these elements. 

How sensitive are the lymphoid cells? 
Among the many investigations on animals 
let us take only a few outstanding ones. 
First were those of Heineke,®”® who, after 
exposing to roentgen rays the entire body 
of a large number of mice, found, in all the 
mice which had thus been exposed, a rapid 
destruction of lymphocytes in the lymph 
nodes, spleen, circulating blood and other 
collections of lymphoid cells. These experi- 
ments — and many others which were made 
■ — showed that lymphocytes are more 
sensitive than all other cells, but they did 
not give an accurate idea of the extreme 
sensitiveness of these cells. Warthin under- 
took to study this problem further, and the 
importance of his experiments rests on the 
fact that he arranged his technique in such 
a way that sections of lymph nodes and 
other lymphoid structures could be ob- 
tained and could be examined microscopi- 
cally within half an hour, and sometimes 
within fifteen minutes, after the animals 
had been exposed to the rays. Even after 
such a short time, he observed some 
destruction of lymphocytes. Under these 
circumstances, one can hardly speak of a 
latent period. When cellular destruction 
can be recognized through a microscope 
within fifteen or thirty minutes, the effect 
of the rays on the cells must have started 
during exposure. 

Interesting as are these experiments of 
Warthin because they show how sensitive 
these leukocytes are, they do not give an 
absolute measure of the extreme degree of 
their sensitiveness. Other experiments have 
been earned out at two well known 
universities in this country during the past 
few years but, to my knowledge, the results 
have not yet been published (personal 
communications). One series of experi- 
ments showed that a surface dose of 1 5 
roentgens is sufficient to cause perceptible 
destruction of lymphoid cells in lymph 
nodes. In the second of these investigations 
it was found that a dose of 10 roentgens 
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IS sufficient to destroy some of these cells, 
l^urther comment is hardly necessary. 

What does all this have to do with 
roentgen treatment of Hodgkin’s disease 
or lymphosarcoma? 

CLINICAL CONSIDERATIONS 

The most essential point in treating 
patients who are afflicted with Hodgkin’s 
disease or lymphosarcoma is a sound 
knowledge of the clinical features of these 
conditions, and the greater this knowledge 
the better. 

Hodgkin’s disease and lymphosarcoma 
are more common than earlier writers have 
led us to believe. This is probably because 
these conditions begin so insidiously; be- 
cause, in the past, they were often mis- 
taken for other conditions, such as tuber- 
culous adenitis, and because, even now, 
in some cases the disease is not recognized 
until the pathologic process has reached a 
rather advanced stage. Another reason is 
that too much attention has been con- 
centrated on the lymph nodes in the neck, 
armpits and groins. 

In a consi4erable proportion of cases 
these forms of lymphoblastoma begin in the 
cervical nodes and thence extend to other 
groups of nodes. In some cases they begin 
in the nasopharynx, nasal accessory sinuses 
or tonsils. When the structures mentioned 
are involved, it is often assumed that the 
malignant process began there but, as 
often as not, the process may have been 
active in other parts of the body, notably 
in the retro- abdominal nodes, long before 
secondary invasion of structures in the 
head or neck developed. Therefore, when 
the nasopharynx, accessory sinuses, tonsils, 
or cervical lymph nodes are affected, this 
may be the primary site of the pathologic 
process, but it may represent secondary 
involvement. 

The rapidity with which the cervical 
nodes enlarge and the size which they 
attain vary greatly in different cases. At 
the beginning and sometimes for long 
periods (several months or several years), 
the affected nodes enlarge for a time and 


Decehbep., 

then recede, and this cycle may be repeated 
indefinitely. Many patients are abnormally 
subject to infections of the upper respira- 
tory tract; after each infection of this 
kind, the affected lymph nodes tend to 
enlarge for a time and then to recede 

occurs, patients often 
think the nodes have disappeared; usually 
they have not disappeared but they have 
diminished in size until the patients are no 
longer aware of their presence. As these 
cycles tend to recur from time to time, the 
size of the affected nodes tends gradually 
to increase. In some cases they may remain 
small for a long time, and then, for some 
obscure reason, they begin to enlarge and 
may reach considerable proportions in a 
short time. The cervical nodes may thus 
attain the size of olives, of plums, or even 
of lemons. In other cases they never become 
so large and in certain cases they remain 
small throughout the course of the malig- 
nant process. The mere size of the nodes 
does not give any indication of the degree 
of malignancy or of the seriousness of the 
patient’s condition. This is true, not only 
of the cervical nodes, but of lymph nodes 
in any other region. 

Mediastinal Nodes. As far as the lymph 
nodes in the thorax are concerned, those 
in the mediastinum fright and left para- 
tracheal nodes and tracheobronchial nodes 
or both) are most commonly involved. 
However, Hodgkin’s disease or lympho- 
sarcoma begins in the mediastinal nodes 
much less commonly than it begins in the 
head, neck or retro-abdominal nodes. In 
most cases, when the mediastinal nodes 
are invaded, the involvement of these 
nodes is secondary to similar, but earlier, 
involvement of lymph nodes in other 

regions. , 

When Hodgkin’s disease or lympho- 
sarcoma involves the mediastinal nodes, a 
roentgenogram of the thorax usually re- 
veals a bilateral and roughly parallel 

widening of the mediastinal structur^, 

which extends from the inlet of the thor.i.. 
downward to the cardiac shadovv, wiiicJi t 
usually overlaps more or less, but e.xcep- 
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tions are not uncommon. Sometimes the 
nodes mainly affected are in one side or the 
other of the mediastinum, and the roent- 
genologic appearance may make it difficult 
to be certain whether die lesion is lympho- 
blastoniatous or carcinomatous, a tera- 
toma, a neurofibroma, or perhaps a der- 
moid tumor. Sometimes, enlargement of 
mediastinal nodes may be bilateral and 
ovoid in shape, and again the distinction 
between lymphoblastoma and carcinoma 
or some other tumor cannot be made with 
certainty from the roentgenologic appear- 
ances alone. In some cases the lympho- 
blastomatous character of the lesion can be 
recognized by other clinical features, such 
as enlargement of nodes in the neck or 
armpits, with or without involvement of 
the retroperitoneal and inguinal nodes. 
In other cases, however, such associated 
features may not be present. Then it is 
that irradiation of the mediastinum may, 
by causing a characteristically rapid regres- 
sion, not only relieve the patient’s symp- 
toms but give a reliable clue to the patho- 
logic character of the tumor. 

Occasionally, the principal involvement 
is high in the mediastinum, and the 
symptoms may include not only dyspnea, 
with or without dysphagia, but also a 
brassy cough, hoarseness from involvement 
of one or ’both recurrent laryngeal nerves, 
puffiness and semicyanosis of the neck and 
face, and prominence of the superficial 
veins due to venous obstruction at or near 
the inlet of the thorax. The cervical nodes 
also may be abnormally large but, owing 
to the puffiness and engorgement, they 
may be difficult to perceive with certainty. 
The physician who is “thyroid conscious” 
may think that the roentgenogram suggests 
substernal extension of the thyroid, but the 
prompt regression of the growth and relief 
of the symptoms during and after irradia- 
tion may show this also to have been 
essentially lymphoid in character. 

In some cases of mediastinal lympho- 
blastoma, roentgenograms of the thorax 
show litde, if any, widening of the medias- 
tinal shadow, and yet the symptoms 


suggest more or less definite involvement 
of the tracheobronchial nodes situated in 
and around the angle of the tracheal 
bifurcation. The reason the roentgeno- 
grams do not show lateral projection 
beyond the edges of the composite shadow 
cast by the sternum and spinal column 
may be that the affected lymph nodes have 
an anteroposterior disposition. 

Pleural effusion may be caused by partial 
obstruction of the inferior vena cava by 
enlarged nodes in the lower part of the 
mediastinum; because tlie adenopathy is 
concealed by the cardiac shadow, it may 
not be visible in roentgenograms. Or the 
effusion may be due to infiltration of the 
pleura. In such cases, effective irradiation 
requires that the fields be large enough 
to include the lower two- thirds of the 
mediastimmi as well as the entire dia- 
phragm. Involvement of this kind, how- 
ever, usually occurs only when the patho- 
logic process has reached a relatively 
advanced stage, and prolonged improve- 
ment can hardly be expected under these 
circumstances. 

Rarely, Hodgkin’s disease or lympho- 
sarcoma may infiltrate the lungs in what 
approximates a miliary manner. That is, 
the infiltration is scattered more or less 
throughout the lungs in the form of small 
almost miliary foci. Infiltration of this 
kind indicates that lymphoblastoma has 
invaded most or all of the small aggrega- 
tions of lymphoid cells situated at the 
junction of the smaller branches of the 
bronchi. This form of infiltration also is a 
relatively late complication. Nevertheless, 
thorough irradiation may result in pro- 
nounced improvement; the duration of 
improvement varies with the circum- 
stances in each case. 

Sometimes, when lymphoblastoma af- 
fects the mediastinal nodes, the patient 
complains of pain in the thorax, w'hich 
may extend to one or both upper ex- 
tremities. Occasionally, the pain may be 
confined to the extremities, and pain in the 
thorax may not be present. Roentgeno- 
grams may show' obvious or even marked 
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involvement of the nodes, but in some 
instances evidence of mediastinal involve- 
ment may be slight or actually uncertain. 
Under these circumstances, it is important 
to exclude, by careful examination, the 
possibility that the pain may be due to 
pressure irritation or actual infiltration of 
branches of the brachial plexus on one or 
both sides by lymphoblastoma affecting 
some of the cervical nodes or nodes in the 
upper part of the axillary (infraclavicular) 
space. If this possibility can be excluded, 
then the treatment should be directed to 
the mediastinum, as already suggested. 

By physical examination alone, as most 
physicians know, it is often difficult or 
impossible to recognhe intrathoracic in- 
volvement in these conditions; even when 
roentgenoscopy or roentgenography is em- 
ployed, it may be impossible to distinguish 
Hodgkin’s disease or lymphosarcoma from 
other neoplastic processes, such as carci- 
noma, neurofibroma, fibrosarcoma, tera- 
toma, dermoid cyst, thymoma or the so- 
called Pancoast tumor. This is especially 
true during the early stage, but it is often 
true at any stage. One reason for this 
difficulty is that different kinds of tumors 
in the thorax can grow in such a way as 
to produce very similar roentgenologic 
signs. While, in most cases, Hodgkin’s 
disease or lymphosarcoma involves nodes 
in both sides of the mediastinum and, 
consequently, produces a bilateral shadow 
which usually is nodular, lobular and more 
or less typical, it is not rare for these 
conditions to involve the nodes in one 
side much more than those in the other 
side, or even, as far as roentgenologic 
appearances go, the involvement may 
appear to be confined to the nodes in one 
side of this region. Sometimes, either in 
their original form or by some of the 
peculiar vagaries which may arise during 
their course, these forms of lympho- 
blastoma can simulate many other malig- 
nant neoplasms as well as some inflam- 
matory conditions. 

Retroperitoneal Nodes. Lymphoblastoma 
begins in the retroperitoneal nodes much 


more frequently than is generally supposed, 
but even when this form of malignant 
growth begins in the cervical or medias- 
tinal nodes, or elsewhere, it often extends 
sooner or later to the retroperitoneal nodes. 
In 1939 P drew attention to the clinical 
importance of these nodes and to the great 
variety of symptoms which their involve- 
ment in Hodgkin’s disease and lympho- 
sarcoma can cause. 

When the para-aortic or mesenteric 
nodes become affected by lymphoblastoma, 
the symptoms at first and for some time 
may be so slight and vague that their 
recognition is difficult. Moreover, they 
vary considerably in different cases. These 
symptoms may consist of a tendency to 
bloat and belch after eating, distress in the 
upper half of the abdomen after meals, 
and loss of strength, which patients usually 
express as tiring easily, loss of endurance, 
or loss of “psP-” As months or years elapse 
these symptoms tend graduahy to increase, 
and others develop. The latter may include 
a sense of heaviness or of weight in the 
epigastrium, especially after eating, in- 
creasing difficulty in eating a full meal; 
pain in the epigastrium, which may recur 
after each meal; an increasing tendency 
toward constipation; pain in the lower 
thoracic, lumbar or sacral portions of the 
back, often extending to one or both hips 
or down one or both lower extremities; 
fever occurring in periodic bouts at varying 
intervals or continuing steadily, although 
with variations in intensity; regional and 
later general itching, wdth or without 
cutaneous lesions, which may be mistaken 
for urticaria, impetigo, scabies and so on. 

I shall not discuss these symptoms further 
except to mention that they may occur in 
different combinations and that some of 
them represent absolute signs that the 
retroperitoneal nodes have become in- 
volved. 

When a patient is known to have Hodg- 
kin’s disease or lymphosarcoma, fever or 
itching, or both, mean that the condition 
has invaded the retroperitoneal nodes. A 
combination of two or more of the other 
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symptoms mentioned may mean the same 
thing, but the evidence is not so con- 
clusive. Proof of the foregoing is to be found 
in the fact that, if the retro-abdominal 
nodes are properly treated, the fever, 
itching and cutaneous disturbances, when 
present, diminish or disappear soon after 
treatment, unless the pathologic process 
has reached an advanced stage or has 
entered the terminal phase. With few 
exceptions, and then never to the same 
degree, this effect is not observed when 
the treatment is directed toward regions 
other than the abdomen. 

Variation in the abdominal symptoms 
in different cases probably depends on the 
particular nodes or group of nodes which 
are most involved and on the anatomic 
relationships of these nodes to various 
abdominal organs or structures. Sometimes 
lymphoblastoma may affect chiefly the 
upper para-aortic nodes. These are situated 
in the region of the celiac axis and are thus 
immediatelv behind the stomach, pancreas 
and duodenum, and in close proximity to 
the diaphragm or to the mouth of the 
thoracic duct. It is not surprising, there- 
fore, that when some of these nodes become 
abnormally large they may give rise to 
pressure disturbances in any of the struc- 
tures mentioned. They may crowd the liver 
and spleen forward and downward. When 
these nodes enlarge in an upward direction, 
they may press on the diaphragm and 
cause dyspnea, or they may interfere to 
some extent with the action of the heart. 
Sometimes enlargement is mainly in a 
posterior direction, causing pressure erosion 
of some of the lower thoracic vertebrae, or 
the pathologic process may infiltrate the 
intervertebral spaces, may thus extend into 
the spinal canal, and even invade the cord. 

In other cases the para-aortic nodes 
mainly affected are below this level, and 
the pressure disturbances are most likely 
to concern branches of the lumbosacral 
plexus, the small intestine, the colon, the 
ureters or kidneys, and the lumbar verte- 
brae. Sometimes the nodes principally 
involved are lower still; they may be 


situated around the bifurcation of the 
great abdominal vessels or along the 
common iliac vessels. Rarely, the iliac 
nodes may become large enough to cause 
pressure erosion of the wing of the ilium. 
Rarely, also, the nodes mainly affected may 
be those along the internal iliac vessels; 
the symptoms may then be referable 
chiefly to some of the pelvic structures, 
such as the ureters, bladder or rectum. 

As involvement of the retroperitoneal 
nodes by lymphoblastoma progresses, not 
only the para-aortic nodes but the mesen- 
teric nodes also may be invaded. Some- 
times, in fact, the involvement finally 
becomes so extensive that practically 
every structure containing lymphoid tissue 
is infiltrated more or less. This, of course, 
is most likely to occur in the late stages. 

In order to treat most effectively lympho- 
blastoma affecting the retroperitoneal 
nodes, it is important to recognize these 
different possibilities or probabilities and 
to arrange the treatment accordingly. 
When the nodes chiefly affected are those 
along the abdominal aorta, between the 
bifurcation and the diaphragm, two large 
anterior fields, extending from the junction 
of the ensiform cartilage to the sternum 
down to just below the level of the umbili- 
cus, and two corresponding posterior fields, 
are sufficient. But when the involvenrent 
includes the iliac and inguinal nodes, four 
anterior and four posterior fields are 
required. When, as occasionally happens, 
the iliac and inguinal nodes are chiefly 
involved, the treadnent is best given 
through two low anterior and two cor- 
responding posterior fields; in this case the 
anterior fields should extend well below 
the inguinal fold, so as to include the nodes 
in Scarpa’s triangle. 

Certain exceptions, however, should be 
considered. When retroperitoneal involve- 
ment is minimal or uncertain, or when the 
general condition is such that ability 
to tolerate more thorough irradiation 
seems doubtful, it may be advisable to 
give only limited treatment so as to bring 
about improvement without taxing the 
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patient s tolerance. Later, after the general 
condition has improved, more thorough 
treatment can be undertaken. In these 
cases the first course of treatment may be 
given through two or four posterior fields 
only. When the patient is thin or when 
the contour of the trunk is relatively flat 
from front to back, the same distribution 
of fields may be adopted with advantage. 

In women aged less than forty years, 
when evidence of pronounced involvement 
of the iliac nodes cannot be found, neither 
the anterior nor the posterior fields should 
extend below the level of the crest of the 
ilium. Otherwise, artificial menopause may 
be induced, and this only adds to the 
patient’s difficulties. 

Irradiation of the abdomen tends to 
influence the leukocytes even more than 
does irradiation of other parts of the 
body. Hence, when this region is treated 
the leukocytes should be watched more 
closely than ever. At the Mayo Clinic, 
daily blood counts are the rule when 
irradiation of the abdomen is employed. 
As the treatment proceeds, the number of 
these cells tends to decrease; often this 
decrease is not steady and considerable 
fluctuation may be observed from day to 
day. Sometimes, on account of leukopenia, 
the treatment may have to be discontinued 
for one or two days, or abandoned alto- 
gether. The leukocyte count may remain 
abnormally low for periods which may vary 
from two or three weeks to two or more 
months, and this may interfere with 
subsequent treatment. Then the number 
of these cells tends to increase until it again 
reaches the normal level. The rapidity with 
which leukopenia develops, its duration, 
and the rate of regeneration vary greatly 
in different cases and depend on a number 
of factors, such as the stage of the malig- 
nant process, the volume of body tissues 
subjected to treatment, the regions treated 
and the dose of radiation given to each 
field, as well as the total dose. Besides these 
factors, individual variation plays an 
important part. Occasionally a patient is 
encountered in whom leukocytic regenera- 
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tion is extremely slow or in whom leuko- 
penia may continue indefinitely. 

An interesting, and sometimes an impor- 
tant, point to remember is that, when 
lymph nodes_ in the axilla are affected by 
these conditions, the mediastinal nodes 
also are usually involved. The reverse 
is often true but this is less common. In 
some cases involvement of the mediastinal 
nodes cannot be demonstrated easily be- 
cause they have not become sufficiently 
large to project beyond the borders of the 
sternum and spinal column. Similarly, 
when the inguinal nodes are affected, it can 
almost be taken for granted that the retro- 
abdominal (para- aortic, mesenteric or iliac) 
nodes also are involved. In 1939 P drew a 
attention to these points, and since then 
Symmers (1944) has confirmed their valid- 
ity by extended observations at necropsy. 

Unusual Complications. Among the 
many unusual complications which develop 
in certain cases of Hodgkin’s disease or 
lymphosarcoma may be mentioned nodular 
infiltrations of the scalp or skin or diffuse 
infiltration of subcutaneous tissues in the 
axilla, breast, or other regions; infiltration 
of the orbit, of the lids, or of the eyeball 
itself; extension of the pathologic process 
from the mediastinal nodes to the sub- 
cutaneous tissues over the upper part of 
the sternum, where it may form a mass the 
size of a fist or of two fists; infiltration or 
erosion of a bronchus by adjacent medias- 
tinal nodes; infiltration of a ureter, of the 
renal pelvis or of the kidney itself, with 
displacement, dilatation, hematuria, and 
hydronephrosis or pyelonephritis; infiltra- 
tion of the suprarenal glands, with in- 
creased pigmentation of the skin; infiltra- 
tion of the cerebral meninges or of the 
brain, and infiltration of the rectum which 
may have the form of polyps or which ma) 

simulate carcinoma. 

Lesions of Bone. Not infrequently, certain 
bones may undergo destructive changes; 
this is prone to occur in tlie spinal column, 
where, as the result of increasing pressure 
exerted by enlarging retro-abdominal or 
mediastinal lymph nodes, one or mo e 
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vertebrae may be affected more or less. 
Similar erosive destruction may occur in 
the ilium because of the increasing pressure 
of affected iliac nodes. Sometimes, instead 
of erosion by pressure, diffuse osteoporosis 
of the spinal column or of other bones may 
develop, but the factors which are respon- 
sible for the loss of calcium are not under- 
stood. Less commonly, destructive changes 
in a bone may result from extension of the 
malignant process to the marrow. 

77 /e Blood. In many cases the number of 
erythrocytes and leukocytes is approxi- 
mately normal. In other cases, especially 
when the retroperitoneal or mediastinal 
nodes are affected, the number of leuko- 
cytes may increase to 1 1,000, 15,000, 
10,000 per cubic millimeter, or even more. 
In some cases, on the contrary, the number 
of leukocj'tes may diminish to 5,000, 4,000, 
or even less. In some cases the number of 
lymphocytes, monocytes, or eosinophils 
becomes abnormally high. As a rule, the 
number of erythrocytes remains normal for 
a long time but, when the malignant 
process reaches an advanced stage or ap- 
proaches the terminal phase, some degree 
of anemia develops and gradually tends to 
increase until the patient dies. When the 
pathologic condition reaches an advanced 
stage, some patients begin to bleed from 
the nose, from the gums, from the respira- 
tory tract or from the gastrointestinal 
tract, and some die primarily from hemor- 
rhage. 

TREATMENT 

Treatment, if it is to yield maximal 
improvement, must be arranged so as to 
deal most effectively with the lesions which 
are responsible for the outstanding symp- 
toms. The patient’s chief symptoms should 
always be given due consideration, but 
often symptoms which he may regard as 
minor or as not related to his illness may 
actually be more important than the 
presenting symptoms. Before the treat- 
ment can be arranged, therefore, the entire 
situation should be considered as a whole. 
Treatment should first be directed toward 
tile region of major involvement; this may 


or may not coincide with the patient’s 
chief symptoms. Then, regions of relatively 
minor involvement can be treated. When 
the history of the patient’s illness has been 
carefully and completely recorded, and 
when it is correlated with the physical 
and other findings, one should have a good 
idea of the situation. 

Cervical Lymphadenopathy . When the 
cervical nodes are small or moderate in 
size, and when the nodes in other regions 
are not affected, irradiation of a single 
field on each side of the neck (Fig. 1) may 
be sufficient. When the involvement is 
confined to the nodes on one side of the 


Fig. I. Fields of roentgen treatment over each side 
of the neck when the cervical nodes are only 
slightly or moderately enlarged. 

neck, treatment should, of course, be 
limited to a single field on the affected side. 

When the lymphadenopathy extends 
throughout the length of the neck, and 
especially when the submental, submaxil- 
lary, preauricular and postauricular, or 
occipital, nodes are involved, or when the 
patient’s neck is unusually long, the region 
may be too large to be included in a single 
field on each side. In such a case, each side 
must be divided into two fields (Fig. 1). 
When the nodes have become very large 
and form a massive chain from the level 
of the ear to drat of the clavicle, the best 
results may require two or four fields on 
one or both sides (Fig. 3). In this event 
the neck is divided as evenly as possible 
by a line extending from the lobe of the 
ear, or higher, down to about the middle 
of the clavicle; the width of the fields 
depends on the size of the neck and extends 
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from this line to the median line anteriorly 
and posteriorly to a line which follows the 
hairline downward and includes the ante- 
rior border of the trapezius muscle. The 
two or four beams of rays are directed so as 



Fig. a. The fields of roentgen treatment when the 
cervical nodes on the left side are numerous and 
rather large while the right cervical nodes are only 
moderately enlarged (two fields on left side and 
one field on the right side). 

to converge on the enlarged nodes from 
either side of the central dividing line. 

When, as not infrequently happens, the 
nasopharynx, pharynx or tonsils are pri- 
marily or secondarily involved, the treat- 
ment must take into consideration not 
only the affected structures on one or both 
sides but also the extent of involvement 



Fig. j. Four fields of roentgen treatment on the left 
side of the face and neck when the left cervical 
nodes are greatly enlarged. 


and the thickness of the neck and face. Ef- 
fective treatment may be possible through 
a single held on one side, or it may be 
necessary to arrange the treatment through 
two lateral fields on one or on each side 
(Fig. 4). Sometimes the malignant process 
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may have extended to one of the antrums 
or to the other accessory sinuses. In this 
event, one or two additional anterior fields 
may have to be provided. Of course 
extensive involvement such as this usually 
occurs only when the pathologic process 
has reached a rather advanced stage, 
oubstantiai improvement may re.sult e\’en 
then, but the improvement is not likely to 
last as long as it does when the condition 
is less advanced. 

Axillary Lymphadenopathy . In many 
cases, the axillary nodes are not per- 
ceptibly enlarged and do not require treat- 
ment. In other cases these nodes are 
slightly or moderately enlarged; in this 



Fig. 4. The fields of roentgen treatment when Modg- 
kin’s disease or lymphosarcoma has inv.aded the 
nasopharynx or tonsil. This is in addition to the 
lower fields through which treatment is given to 
the cervical nodes in the lower half of the neck. 

event, satisfactory treatment can be given 
through an axillary field on one or both 
sides, the patient being placed, and the 
arm raised, in such a way that the rays can 
be directed into the axilla at an angle 
corresponding to the axis of the axillary 
.space. Sometimes many nodes throughout 
the axillary space, from the clavicle to the 
armpit, may be affected; then, if is best 
to irradiate the entire axillary space on one 
or both sides through an axillary field and 
also through an anterior field winch m- 
cludes ail the tissues from the clavicle to 
the armpit. In extreme cases, it may he 
advisable to aild a tiurd, posterior, 
Meduistlnnl Lymphiuknupathy. U he u 
treatment is directed towtmi the 
cinuni and is arranged rhroui;n a 
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anterior, central field or through an 
anterior and a corresponding posterior 
field, it is usually followed by slight or 
moderate regression of the nodes and 
improvement in the respiratory and vas- 
cular symptoms, but the improvement 
seldom lasts long. Much greater and more 
lasting regression and improvement can 
be obtained by irradiating the affected 
intrathoracic structures through two large 
anterior and two corresponding posterior 
fields (Fig. 5), when these four fields are 
well placed, when the four beams of rays 
converge on the mediastinum, and when 
a sufficient dose of radiation is given 
within a reasonably short time. The upper 




Fig. 5. Arrangement of the fields when roentgen 
treatment is directed toward the mediastinum and 
inner third of the lungs. 


longitudinally from the level of the ensi- 
form cartilage to that of the navel, and 
transversely from the median line to the 
anterior or posterior axillary line (Fig. 6). 
When all the abdominal nodes (para- 



Fig. 6. Arrangement of the fields when roentgen 
treatment must be directed not only to the me- 
diastinum but also to the upper two-thirds of the 
abdomen. 

aortic, mesenteric and iliac nodes) are 
involved, the entire abdomen should be 
treated through four large anterior and 
either two or four posterior fields (Fig. 7), 
according to the circumstances in each 
case. When the inguinal nodes also are 
involved and require treatment, the line 


limits of the fields should correspond to the 
level of the suprasternal notch, and their 
lower limits should correspond to the level 
of the ensiform cartilage. Laterally, or 
transversely, the fields siiould extend from 
tlie median line to the anterior or posterior 
axillary line, as the case may be. The degree 
of convergence of the beams of rays varies 
according to whetlier involvement is con- 
fined to the mediastinal and hilar nodes 
or whether the malignant lymphoid process 
extends toward or to the chest wall. 

Retro-abdominal Lyjnphadenopathy 
the pathologic process affects mainly the 
para-aortic nodes in the upper half of 
the abdomen, especially those in the region 
of the celiac axis, treatment should be 
directed toward this region through two 
large anterior fields and two corresponding 
posterior fields. These fields should extend 



Fig. 7. Arrangement of the fields when roentgen 
treatment must be directed not only to the medi- 
astinum but to the entire abdomen. 


dividing the two upper abdominal fields 
from the two lower fields should pass a 
little below die navel, and the lower fields 
should extend downward so as to include 
ail of Scarpa’s triangle. 
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Quality of Roentgen Rays. Because the 
consensus now is that difference in wave- 
length per se does not influence the effect 
of the roentgen rays, it is generally assumed 
that all tumors, and even inflammatory 
lesions, may be treated with rays of the 
same quality, generated usually at or about 
200 kv. Some radiologists even use rays 
generated at voltages between 400 kv. and 
1,000 kv. Roentgen rays generated at 
200 kv. or more have the advantage of 
delivering a greater dose at a depth of, 
say, 10 cm.; they induce less severe 
cutaneous reactions, and, at the higher 
voltages, they tend to induce less radiation 
sickness. These advantages may be of 
considerable importance in treating rela- 
tively resistant tumors, such as epithelial 
tumors of the uterus, bladder, prostate 
gland or rectum, but in treating Hodgkin’s 
disease, these apparent advantages may 
lead one to overlook other factors which 
may be even more important. 

The lymphoid cells, which are such 
important features of lymphoblastomatous 
tumors, are much more sensitive to roent- 
gen rays than is generally realized. There- 
fore, effective treatment does not require 
the maximal dose of radiation in a given 
time that is required for tumors made up 
chiefly of epithelial cells. When the en- 
larged nodes are relatively superficial, as in 
the neck, armpits or groins, the level of 
absorption also becomes important. The 
greater the proportion of a beam of rays 
which penetrates the body to a depth of 
10 cm., the smaller is the proportion of 
this beam absorbed by the first 3 cm., and 
vice versa. When treatment is directed 
against enlarged nodes in the neck, armpits 
or groins therefore, roentgen rays gen- 
erated at a voltage of 130 or 140 kv. are 
more effective because a greater proportion 
of the rays are absorbed by the affected 
nodes. Even when the nodes are very 
large, rays generated at this voltage are 
often, alAough not always, more effective 
than those generated at 200 kv. or more. 
When, owing to massive enlargement of the 
nodes, it becomes important to produce 
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the greatest effect in a short time, this can 
usually be done more effectively by in- 
creasing the number of fields, and there- 
fore of beams of rays, than by increasing 
the voltage. 

When the problem is to treat enlarged 
nodes in the mediastinum or abdomen, the 
tendency again is to employ roentgen rays 
generated at 200 kv. or more. In some cases 
especially when the patient is a person of 
unusual size or exceptionally obese, the 
more penetrating rays may produce the 
most favorable result, but in the average 
case rays generated at a medium voltage 
(130 or 1 40 kv.) will be found as effective, 
and often more effective, provided the num- 
ber, size and position of the fields are care- 
fully planned, and provided the beams of 
rays are well directed. 

For many years, I have had ample op- 
portunity to observe the different effect of 
roentgen rays generated at 200 kv. or more 
and of those generated at a potential be- 
tween 130 and 140 kv. Moreover, clinical 
tests of treatment carried out at the two 
ranges of voltage convinced me of the 
superior effect of rays of moderate wave- 
length, and extended observation of pa- 
tients treated by other radiologists with 
rays of shorter wavelength has only served 
to strengthen this conviction. In all 
probability the difference is not due to the 
difference in wavelength per se, but it is 
due partly to a difference in the quantity 
of rays absorbed, partly to the great 
sensitiveness of lymphoid cells, and perhaps 
also to other factors which are still obscure. 
It seems likely that these “obscure factors” 
consist mainly in a difference in the 
quantity of rays. When treatment is given 
with roentgen rays generated at 200 kv., 
the affected lymph nodes usually do not 
retrogress so much and, especially when 
the same region is treated repeatedly, 
diffuse induration tends to develop and the 
lymph nodes rapidly become resistant to 
further treatment. For these reasons, the 
treatment must be given up after a rela- 
tively short time; this is especially true 
when each field is exposed to an excessive 
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quantity of rays. When, on the contrary, 
treatment is given with roentgen rays 
generated at moderate voltage (130 to 
140 kv.), diffuse induration of the tissues 
in the exposed fields is less likely to occur 
and the affected nodes continue to respond 
to treatment for a longer time. This applies 
to lymph nodes in the abdomen and 
mediastinum as much as to those in the 
neck, armpits, and groins. When an ex- 
cessive quantitative dose of roentgen rays 
generated at moderate voltage is given to 
any field, especially when tiiis is repeated 
a number of times, induration of the skin 
and subcutaneous tissue is likely to de- 
velop, but usually this develops more 
slowly. When excessive doses are avoided, 
diffuse induration does not develop and the 
affected nodes continue to respond for a 
long time. It is apparent, therefore, that 
the quantity of roentgen rays (surface or 
skin dose) is an important element. 

As Duane pointed out many years ago, 
when roentgen rays generated at moderate 
voltage (130 to 140 kv.) are employed, 
aluminum is a more efficient filter than 
copper. When the cervical nodes are 
moderately enlarged, 4 mm. of aluminum 
is used as a filter. When nodular infiltra- 
tions of the scalp or skin must be treated, 
4 mm. of aluminum provides adequate 
filtration. When the cervical nodes are 
large and numerous, an aluminum filter 
6 mm. thick is preferable. When treatment 
is directed toward the mediastinal or 
retro-abdominal nodes, 6 mm. of aluminum 
should be used. 

Exceptionally, such as when tlie nasal 
accessory sinuses, the nasopharynx or the 
tonsil are involved, roentgen rays generated 
at 200 kv. or more and filtered through 
0.75 mm. of copper and i.o mm. of alumi- 
num yield superior results. 

of Roentgen Rays. Because in 
epithelial and other tumors effective de- 
struction of the malignant cells requires the 
largest dose of roentgen radiation which 
can be given with safety, it is widely 
assumed that the same is true of all 
malignant processes. When lymphoblas- 


toma is limited to a single region, and 
especially when it is confined to a small 
cluster of nodes, the hope of effecting a 
permanent cure may reasonably be enter- 
tained, and a complete result can some- 
times be achieved. Even then, however, 
doses of the order of those required for 
epithelioma are not necessary. The lymph- 
oid cells in the affected lymph nodes are 
usually so sensitive to the radiation that 
much smaller total doses are sufficient. 

Occasionally, when the pathologic proc- 
ess appears to be confined to a single group 
of nodes, the attempt to effect a permanent 
cure by concentrating the maximal dose 
of radiation on the affected nodes may be 
justified. In the great majority of cases, 
when the patient consults a physician, the 
malignant lymphoid process has already 
invaded two or more groups of nodes in 
different regions. Not infrequently, the 
process has already reached an advanced 
stage in its course, and sometimes it is 
already near or actually in the terminal 
phase. Under these circumstances, a cure 
is impossible, and the most that can be 
expected is a variable degree of improve- 
ment for a variable period of time. When 
lymphoblastoma is not too advanced, and 
especially when it has a relatively chronic 
form, the patient’s condition is susceptible 
of great improvement, and he may survive 
from five to twenty years, or even longer. 
In all these cases the aim of the radiologist 
should be to maintain this improvement as 
long as possible. This can seldom be 
achieved by the method of maximal total 
doses made possible by protracted frac- 
tional irradiation. To follow this course 
may yield excellent initial results and 
treatment may be repeated once or twice 
at the most. But when the pathologic 
process again becomes active, further 
treatment is impossible or, if it is under- 
taken, it has little if any effect and the 
patient no longer obtains relief. 

A more effective method, in my estima- 
tion, is to give to each field, in one or two 
days, as large a dose of radiation as can be 
given without taxing the tolerance of the 
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skin and other tissues or of the patient as a 
wiole. As a rule, such a dose is between 
550 and 600 roentgens (surface dose 
measured in air). The different fields are 
thus treated successively, one at a time, 
until all the fields have received the 
specified dose. The number of days re- 
quired to complete the course of treatment 
depends on the extent of involvement and 
the number of fields to be irradiated, as well 
as on the tolerance of the patient. When 
a single cervical field requires treatment, 
this may be given in one or two days, 
but when most of the lymph nodes must 
be treated, from ten to sixteen days may 
be required. Many patients cannot tolerate 
550 roentgens (one field) a day; this is 
especially true when treatment is directed 
toward the upper half of the abdomen. In 
this event it is advisable to give only 275 
roentgens (half of one field dose) on succes- 
sive days, treatment of each field being 
completed before another field is treated. 
Most patients can tolerate 275 roentgens 
a day without undue difficulty, but oc- 
casionally a patient can tolerate only 
175 or 200 roentgens a day. 

Time Distribution of Treatment. From 
time to time I have seen patients who have 
told me that they had previously been 
treated with roentgen rays for one month 
or for several months. When asked whether 
the treatment had caused the enlarged 
lymph nodes to recede and their condition 
to improve, they have replied that at first 
the nodes diminished slightly for a short 
time, but later the treatment remained 
without perceptible effect. Upon inquiring 
into the chronologic arrangement of the 
treatment, I was told that treatment had 
been given only once or twice a week. Yet, 
when these patients were treated according 
to the general scheme which I have 
described, the nodes regressed, and the 
general condition improved as rapidly and 
as much as if they had never been treated 
at all. Later, when the pathologic process 
again became active, additional treatment 
has again, and repeatedly, produced satis- 
factory improvement. There seems to be 
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no doubt that the reason the previous 
treatment had yielded only slight and 
transient benefit in these patients was 
krgely that the interval between sessions 
nad been too long or that the quantity of 
roentgen rays given at each session had 
been too small. My own conclusion is that 
frequently both factors are responsible. 
Treatment once a week or even twice a 
week cannot possibly produce the improve- 
ment to which the patient is entitled. 

Sometimes, the slight initial improve- 
ment and subsequent failure to improve 
are attributed to an increased resistance of 
the affected lymph nodes, but when these 
same nodes and these same patients 
improve satisfactorily under a difierent 
scheme of treatment, the assumption of 
increased resistance obviously does not 
rest on a sound basis. This problem of 
increasing resistance of cells has interested 
me for many years. As far as the lymphoid 
cells are concerned, the principal factor 
in increasing resistance to irradiation 
appears to be excessive quantitative doses. 

If these are avoided, and if clinical factors 
in each case do not account for increased 
resistance, the affected nodes and struc- 
tures continue to respond for a long time. 

It is true that as time goes on, especially 
in the chronic form of lymphoblastoma, 
some increase in resistance gradually de- 
velops, but this is slow. In my experience, 
the main causes for failure of lympho- 
blastomatous lesions to respond are: (i) 
an advanced stage or terminal phase of the 
pathologic process; (2) excessive quantita- 
tive doses of roentgen radiation within a 
given time. 

When the patient is first seen, two 
courses of roentgen treatment, with an 
interval of three weeks between them, may 
be sufficient to bring the pathologic process 
under control for a time. A single course o 
treatment may be followed by more or less 
marked improvement and this may con- 
tinue for a certain length of time, but, 
when a second course is given three weeks 
later, the improvement is much greater and 
lasts longer. In other cases, especially 
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when lymph nodes in two or more regions 
are greatly affected, it is often advisable 
to give a third course of treatment three 
to six weeks after the second course. Then, 
the patient should not receive any more 
treatment for as long a time as possible, 
but he should be ex;unined every three or 
six months. How often subsequent roent- 
gen treatment may have to be given varies 
gready in different cases. Some patients 
require additional treatment every few 
months, while others require treatment at 
longer intervals; some have to be treated 
only at intervals of two or three years, and 
some go even longer. 

Pathologic Factors JVhich Influence the 
Effect oj Roentgen Treatment. Occasionally 
a patient is encountered in whom the 
lymphoblastomatous tumors do not retro- 
gress at the rate or to the degree expected. 
Frequently, this is because the pathologic 
process has reached an advanced stage or 
has entered the terminal phase. When 
failure of the enlarged nodes to retrogress 
as usual is not due to this factor, it can 
ahnost always be traced to one of the 
following causes: (i) the presence in the 
mass or masses of enlarged nodes of an 
exceptional proportion of connective tis- 
sue; (2) the presence of old calcified de- 
posits in some of the nodes; (3) the presence 
of secondary infection. The first two factors 
seem to occur chiefly in mediastinal tumors, 
whereas the diird factor seems to occur 
chiefly in the cervical nodes. All three, 
however, are uncommon. 

Clinical Factors Which Influence the 
Effect of Roentgen Treatment. Besides the 
extent of involvement, two other factors 
have an important bearing on the results 
which may be expected from roentgen 
treatment. One is the relative acuteness 
or chronicity of the malignant process in 
each case. In some cases lymphoblastoma 
runs a comparatively short course, and the 
time which elapses between the apparent 
onset of the disease and the death of die 
patient may vary between six months and 
two or three years. In other cases the 
course of the process may extend from 


three to five or six years; these constitute 
the intermediate group. In still other cases 
the condition may persist from five to 
twenty years, or longer. In cases of rela- 
tively acute lymphoblastoma, roentgen 
treatment may be followed by exception- 
ally rapid regression, but this is of short 
duration. In the chronic cases, proper 
roentgen treatment is often followed by 
marked regression and prolonged improve- 
ment. These are the cases in which long 
remissions are obtained. 

The other clinical factor is the stage of 
the malignant process. Sooner or later, in 
practically every case, the condition reaches 
an advanced stage in its evolution and 
finally enters the terminal phase. When 
this occurs, the enlarged lymph nodes or 
other diseased structures respond to roent- 
gen treatment less and less. Usually, this 
failure of response is associated with other 
signs of advanced disease, but perhaps the 
best single indicator is the numerical 
status of the red blood corpuscles. As long 
as they remain at or near the normal level, 
the patient may be expected to derive 
improvement from roentgen treatment; 
but when their number begins to diminish 
more or less steadily, this is usually the 
beginning of the end. Death may not occur 
for six months or may be delayed for three 
years, but a more or less steady decrease 
in the number of erythrocytes usually 
means that the end is approaching. 
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BIOLOGICAL EVALUATION OF 20 MILLION VOLT 

ROENTGEN RAYS=^ 

L ACUTE ROENTGEN DEATH IN MICE 
By HENRY QUASTLER and ROBERT K. CLARK 

URBAN'A, ILLIXOIS 


INTRODUCTION 

T he betatron, which was invented at 
Illinois by Kerst,^’"*’^ is an instrument 
which produces roentgen rays of very high 
quantimi energy. It is similar to conven- 
tional roentgen apparatus in that the radia- 
tion is the result of the collision of a stream 
of electrons with a metallic target. The 
fundamental difference lies in the mode of 
acceleration of the electrons. The conven- 
tional types of roentgen equipment involve 
the application of large voltages between 
electrodes, the electrons being accelerated 
by this potential difference. The betatron 
uses magnetic induction. The stream of 
electrons is curved into a circle by the ac- 
tion of a magnetic field and accelerated by 
increasing the strength of the field. After 
reaching a predetermined energy the elec- 
trons are made to strike a target, yielding 
a burst of roentgen radiation. In order to 
repeat the process, the magnetic field is 
reduced to zero. The cycle is repeated i8o 
times a second, producing as many bursts 
of radiation. Incur experiments, the roentgen 
rays had a peak energy of 20 million volts. 

The secondary electrons from high energy 
roentgen rays travel almost entirely in the 
direction of the primary beam and are 
much more penetrating than those from 
conventional roentgen rays. The range of a 
20 megavoit electron is about 10 centime- 
ters in water, as compared to ranges of 
about 3.5 cm. for 10 megavolts, about i cm 
for I megavoit, and about i millimeter for 
200 kv. Thus, where high energy roentgen 
rays strike an object, the density of ioniza- 
tion, i.e., the depth dose, will increase to a 
maximum below the surface, and only 
from there on will it slowly decrease. Pre- 
liminary measurements® indicate that, for 
20 million volt roentgen rays, at a target 


distance of 45 cm., the maximum depth 
dose occurs at a level of about 3 cm., and 
amounts to about three times the surface 
dose. Beyond the maximum, the depth 
dose falls slowly. At 10 cm., it is about 75 
per cent of the peak dose, or 225 per cent of 
the surface dose. It follows that, if we were 
to irradiate a focus in the depth of the body 
with 20 million volt roentgen rays, the 
entry portal would receive a comparatively 
small dose while the exit portal would re- 
ceive about 50 to 80 per cent of the tumor 
dose. 

A beam of rays with a depth dose distri- 
bution as described must have a different 
effect from that caused by conventional 
rays if the irradiated object, as a whole, is 
large enough to register the peculiar depth 
dose distribution. Since the human body is 
large enough to permit the operation of this 
factor, it is to be expected that the beta- 
tron radiation will add new resources to 
the treatment of deep-seated cancer. 

However, significant as the depth dose 
distribution is, it may not be the only dif- 
ference of therapeutic importance. The ef- 
fects of the high energy radiation may also 
vary in other equally important aspects 
which concern reactions occurring in any 
vohune element, independent from the 
dosage distribution in the whole body. The 
effect on living tissue, in general, may be 
different in quality: there may be specific 
reactions completely foreign to those ac- 
companying the use of the conventional 
roentgen ray. It must be remembered that 
qualitatively different absorption processes 
occur at the energy levels of the rays pro- 
duced by the betatron. The effects on living 
tissue may be different in quantity: there 
may be a difference in doses required, a dif- 
ference which may be a constant one, easily 


* From the Department of Radiology, Carle Hospital Clinic, and the Department of Physics, University of Illinois, Urbana, Illinois. 
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compensated by the use of a correction 
factor, or which may be found to vary dif- 
ferently for each particular tissue and 
reaction. Obviously, only biological experi- 
ment can answer these questions. The ob- 
ject, therefore, of this series of investiga- 
tions is to compare the effects of a betatron 
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Fig. I. Isodose lines superimposed on the 
mouse phantom. 

and a conventional deep therapy machine 
under experimental conditions where the 
differences in depth dose distribution are 
eliminated, thus isolating for study all 
other possible differences of action. 

MATERIAL AND METHODS 

As the first biological test object, we se- 
lected mice and submitted them to lethal 
doses administered homogeneously to the 
whole body. Mice have been used in bio- 
logical dosimetry as early as I912.® In re- 
cent times, Lawrence and Tennant" have 
used mice for the bio-assay of fast neutrons, 


and Ellinger^ for the demonstration of 
backscattering. We considered mice a fa- 
vorable object because their reactions could 
be checked in great detail with the vast in- 
formation assembled on irradiation reac- 
tions in mammals; also, mice are small 
enough to allow nearly homogeneous irradi- 
ation, thus excluding any dosage distribu- 
tion factors.* 

The influence of the peculiar depth dose 
distribution was eliminated by irradiating 
the mice in a phantom designed to ob- 
tain approximately homogeneous dosage 
throughout the body of the animals. To 
determine the shape of the isodose surfaces 
in the phantom, a film, with 4 inches of 
presswood (density, i.i) on each side, was 
exposed with the central beam passing 
along the center of the film." The film was 
examined photometrically. Lines of con- 
stant density were regarded as isodose lines. 
The relative intensities were determined 
from the density characteristics of the film. 
With 20 million volt radiation, and a target 
distance of 70 cm. to the top of the phan- 
tom, the isodose lines are the curved lines 
in Figure i. 

The phantom was constructed of nine sheets 
of 16 by 16 by I inch pressdwood which were 
bolted together, with six i inch holes drilled 
along isodose surfaces, as shown in Figure i. 
Six sheets of the same material were added in 
front of the phantom, and six on each side in 
back in order to allow for backscattering. 

The phantom was calibrated by inserting 
several Victoreen thimbles in various holes 
and observing the ratios of readings for a given 
exposure. In operation, a 250 r thimble was 
placed in one of the holes, and read approxi- 
mately every 200 r, so that a measure of the 
dose given to each mouse was obtained. This 
dose was correct within ± 10 per cent, as estab- 
lished from the dose distribution curve and 
direct dosimeter readings. 

After the irradiation, the mice were ob- 
served mainly in order to determine the sur- 
vival time, i.e., the time elapsing between 
irradiation and death. In addition, the weight 

♦ The animals used in these experiments were C57-Bl3ck mice. 
They were given to us by Dr. Herman B. Chase, of the Depart- 
ment of Zoology, University of Illinois. The mice were kept in 
wooden bins, on a diet of "Purina” dog chow and water.i 
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was taken daily, and general impressions re- 
corded. After deatlt, an autopsy was performed, 
and several organs preserved for pathological 
examination. 

RESULTS 

iMice subjected to total body irradiation 
with 20 million volt roentgen rays react, 
qualitatively, the same way as mice treated 
with 200 kilovolt rays. They lose weight, 
show anorexia and diarrhea, become ane- 
mic, their fur gets flurry, and they recover 
or die under progressive cachexia, depend- 
ing on the size of the dose. Pathological 
examination reveals severe damage in 
many vital organs. Within the range of 
our observations, we found in betatron 
mice all the reactions known to occur in 
mice treated with comparable doses of con- 
ventional roentgen rays, and no new% pre- 
viously unknown effect. 

The difference between the two radia- 
tions appears when the quantitative dose- 
response relations arc considered. To ob- 
tain comparable reactions, higher doses 
are needed of the 20 million volt rays than 
of the 200 kilovolt rays, the doses being 
expressed in both cases in roentgens meas- 
ured with the Victoreen thimble in a phan- 
tom, and the r per minute rates being of the 
same order. 

The difference in effectiveness wms es- 
tablished, quantitatively, by evaluating 
the relations between survival time and 
dosage. It has been found®-^® that the sur- 
vival time is inversely proportional to the 
square of the dose, for a dosage range from 
650 to 1,175 r applied to mice weighing 20 
gm. For mice of varying weight, subjected 
to constant doses, the survival time is di- 
rectly proportional to the weight. Combin- 
ing both observations one obtains the for- 
mula : 

T.D-/7 F= i .3 X 10^ 

(2.1 X io‘ <'D-/JV < 6.9® X lO’ r-’gm-^) (i) 

where T is the expected survival time, D 
the dose in r, and JF the w'eight in gm. at 
the time of irradiation. The formula is 
valid only for a certain range of D-/TF 
viz., from 2.1 to b.pXioW-gm-b alw^ays 


referring to our standard strain, C57- 
Black. Below" and above this range, sur- 
vival times remain constant despite con- 
siderable changes of dosage. Near the 
points of infle.xion of the curve, the dose- 
response relations are ill defined. Thus, the 
range favorable for bio-assay is betw^een 
values of dose-/w"eight from 2.2 to 5.6 X 
io‘r-gm"b or for an equivalent dosage 
range of another radiations. 

The survival times in 35 mice killed by 
20 million volt roentgen rays are assembled 
in Figure 2. The ordinate represents sur- 
vival times, the abscissa the quotients 
“dose-/ w"eigh t” and, on a second scale, the 
corresponding doses for a mouse weighing 
20 gm. The scales are logarithmic. Every 
sy'mbol stands for an individual observa- 
tion. The dashed line is the dose-response 
curve established for conventional 200 kv. 
roentgen ravs.“'^° The results obtained with 
the betatron can be adequately represented 
by a broken line parallel to the one found 
w’ith 200 kv. rays, differing only in its rela- 
tion to the dosage axis. The distance be- 
tw'een the tw'o curves yields the factor of 
equivalence between 20 million volt ray"s 
and 200 kv. rays. From Figure 2, the dis- 
tance between the tw"o curves equals 0.38 
(logarithmic difference). Thus: 
log Dose- (betatron)— log Dose- (200 kv.) 

=0.38 (2) 

Dose (betatron) X0.65 = Dose (200 kv.) 

i.e., I r of the betatron radiation is equiva- 
lent to 0.65* r of 200 kv. radiation, both ra- 
diations measured w"ith the Victoreen 
thimble in a saturated beam, the efi'ective- 
ness being defined wfith respect to the sur- 
vival time of mice. 

The reliability of the value 0.65 can be de- 
rived froin a consideration of the deviations of 
actual survival times from the expected values, 
2 ’=const.XDV^^ (see ref. 9 and 10). A statis- 
tical computation shows that the true value of 
the conversion factor lies in the range from 
0.54 to 0.75 (with a probability of 95 per cent). 
A more accurate determination would neces- 

* Some additional data have been obtained since this paper was 
written. From the total material at hand, at the present time, the 
best estimate of the conversion factor Is 0.78. 




Fig. 2 . Survival times of thirty-five C 57 -B]ack mice killed by 20 million volt roentgen rays. Ordinate- 
survival time; abscissa doseVweight, and corresponding doses for 20 gm. mice; symbols — individual ob- 
servations; dashed line dose-response curve for 200 kv. rays; heavy line — trend of the betatron results; 
heavy arrow conversion factor; dotted lines and arrows — statistical margins of the estimates. 


sitate much more experimentation, and was not 
considered useful at the present time. 

The way the data were evaluated is based on 
the assumption that the survival time-dose 
relation has the same characteristics for both 
betatron and conventional rays. This assump- 
tion, in turn, rests on the fact that we have not 
found anything suggesting a qualitative dif- 
ference in the actions of both kinds of radiation; 
the experimental data submit readily to this 
way of curve fitting. However, it is admitted 
that the betatron data as they stand do not 
suggest strongly the type of curve chosen. One 
might fit a straight line, instead of a Z-shaped 
broken line, to the experimental points. This 
procedure leads to factors ranging from 0.68 
to 0.88. Generally speaking, all functions that 
can be reasonably used to represent the experi- 
mental data, lead to factors which are of the 


same order as our value of 0.65*, with differences 
too small to be significant at the present stage 
of investigation. 


DISCUSSION 

We regard the absence of specific beta- 
:ron effects as the most significant result 
)f these experiments. If further investiga- 
ion confirms the belief that high and low 
nergy roentgen rays act on biological ob- 
ects qualitatively in the same way, it will 
le permissible to adapt to the betatron 
nowledge acquired with ordinarv 
'hus therapy will be possible soon, 
s the full advantage of the peculiar clepin 

Dse distribution. ^ 

The quantitative difference in effect. 

' See footnote 725- 
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ness thus far apparent cannot be disre- 
garded. It is not large, nor is it negligible. 
It must be emphasized that the difference 
was found under specified conditions, using 
as a physical measure the discharge of the 
Y'lctoreen r-metei*, and as a biological 
measure the survival time of mice. Either 
of these measures may deviate from the ab- 
solute standard. The Victoreen thimble is 
an absolute dose indicator at ordinary ener- 
gies, but it is not known how it reacts to 20 
million volt roentgen rays. The biological 
measure may deviate from the absolute 
standard because of the qualitative differ- 
ences in physical absorption processes. Fur- 
thermore, the spacing of the ion pair pro- 
duction is not the same for the two kinds of 
radiation, nor is tlie timing, the betatron 
rays coming in short intense bursts. How- 
ever, no theory, based on our present knowl- 
edge, can be convincing. We must have 
additional experimental evidence, some of 
which we hope to procure in investigations 
now in progress. 

SUMMARY 

1. It can be predicted, on the basis of es- 
tablished depth dose curv’es, that the high 
energy radiation of the betatron will be use- 
ful in the treatment of deep-seated cancer. 

2. It cannot be predicted how the beta- 
tron radiation will act on any element of 
living tissue. 

3. The elementary actions of high energy 
roentgen rays must be established by bio- 
logical evaluation, conducted in such a 
manner that the influence of the depth dose 
distribution is eliminated. 

4. Mice were subjected to irradiation of 
the whole body with a homogeneous dose of 
-o million volt roentgen rays. 

5- Qualitatively, the clinical and patho- 
logical effects observed were the same as 
those attending the use of conventional 
roentgen rays. 

6 . A quantitative evaluation ot effec- 
tiveness was obtained, using the Victoreen 


r-meter-as a physical measure and the sur- 
vival time of mice (between irradiation and 
death) as a biological measure. It was found 
that, under the conditions stated, i r of 
the 20 million volt rays of the betatron is 
equivalent to about o.df^r of the conven- 
tional 200 kilovolt rays. 

7. The significance of this conversion 
factor will be established only by further 
experimental investigation. 

602 West University Ave., 

Urbana, Illinois. 
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HOOKWORM DISEASE 

A SMALL INTESTINAL STUDY* 

By LIEUTENANT COLONEL PHILIP J. HODES 
Medical Corps, Army of the United States 
and 

CAPTAIN GEORGE P. KEEFER 
Medical Corps, Army of the United States 


F ew places in the world have a higher 
incidence of hookworm disease than the 
Province of Assam in India, where, accord- 
ing to Chandler,^ 94 per cent of the indi- 
viduals are infected. It was here that we 
gained our experience. Serving with a Gen- 
eral Hospital in this area for over two years, 
we had ample opportunity to study hook- 
worm disease as it developed in our Ameri- 
can troops. 

The purposes of this communication are 
to call attention to the fact that hookworm 
disease may produce changes in the small 
intestine early, and to describe the roent- 
gen appearance of these changes. Whereas 
the statistical data presented were gleaned 
from the records of 74 patients, more than 
125 were examined by roentgen methods. 
All had positive stools, but the hookworm 
species was identified in only 14 cases. Of 
these 8 were Ankylostoma duodenale, 1 were 
Necator americanus, and 4 were a combina- 
tion of both. 

In 1925, Henderson^ described antiperi- 
stalsis in the duodenum which he consid- 
ered a presumptive sign of intestinal par- 
asitosis. More recently Yenikomshian and 
Shehadi^ called attention to the fact that 
ankylostomiasis produced the clinical man- 
ifestations of duodenal ulcer which cleared 
after treatment by vermifuges. They ob- 
served alterations in duodenal peristalsis 
and mucosal pattern which they consid- 
ered significant. The largest series of pa- 
tients studied by roentgen methods was 
described in 1943 by Krause and Crilly.“ 
They reported 97 young adults infested by 
Necatiir americanus, all but 2 of whom were 
born and raised in southern United States. 


These authors concluded that the small in- 
testinal pattern in ankylostomiasis simu- 
lated that described in the literature as the 
“deficiency pattern,'^ 

PATHOLOGY 

In man, hookworm disease is usually due 
to Ankylostoma duodenale or Necator ameri- 
canus. Whereas both are widely distributed 
throughout tropical and subtropical re- 
gions, Ankylostoma duodenale is more com- 
mon in the Old World and Necator ameri- 
canus in the New. The latter, however, is 
found frequently in India. 

The life cycle of both species is about the 
same. When the eggs leave the bowel, they 
segment and form rhabditiform larvae 
which grow and moult, becoming small 
filariform larvae infectious to man. Under 
proper conditions these larvae become ac- 
tive and burrow rapidly through the skin 
of the exposed individual. They enter the 
veins and lymphatics which carry them to 
the heart and the lungs. Here the larvae 
penetrate the capillary and alveolar walls 
invading the air sacs, and eventually pro- 
ceed up the bronchi and trachea to the epi- 
glottis where they spill into the esophagus 
and are swallowed.® 

Having reached the small intestine the 
larvae grow rapidly, becoming mature in 
about one month after entering the body. 
Here they develop mouth capsules and at- 
tach themselves to the intestinal mucosa 
from which they draw nourishment. Adult 
hookworms measure 10-12 mm. in length 
and 4~6 mm. in width (Fig, i). They usu- 
ally inhabit the distal duodenum, the je- 
junum, and the proximal ileum where 
mating occurs and new eggs are laid. 

At autopsy the parasites are found at- 


* From the Gsnsral Hospital, A.P. 0 . 689, c/o Postmaster, 
New York, 

728 



VoL, 54, No. 6 


Hookworm Disease 


tached to the intestinal mucosa or lying 
free in the lumen of the gut. Small punc- 
tate hemorrhages mark the areas in which 
their mouths are embedded and through 
which they suck blood. 

Lieutenant Colonel J. S. Forrester found 
active hookworm infestation at autopsy in 
a patient who died in our hospital of scrub 
t^’phus. It is noteworthy that the patient 
was a native of Massachusetts and had 
been in Burma but two months before he 
died. His past intestinal history was un- 
eventful. The autopsy was done about two 
hours after his death. The following report 
was submitted to us by Lt. Col. Forrester. 

The stomach and esophagus are essentially 
normal. The jejunal wall seems a little heav}"- 
and boggy but this is not marked. The external 
surface of the small gut reveals some areas of 
patchy capillary congestion. The colon is nega- 
tive. 

On opening the gut a moderate number of 
Aiikylostoma duodenale are found still attached 
to the mucosa. The concentration of worms is 
greatest in the mid-jejunum where 2-4 worms 
are seen in each a-3 inch segment. There are no 
worms attached to the mucous membrane be- 
yond a point 12 feet proximal to the ileocecal 
junction. The contents of the bowel were 
washed and sedimented. A total of 260 adult 
Ankylostoma were found in the sediment; all 
but 5 came from the jejunum and upper ileum 

(Fig. i). 

No gross lesions are noticed where the worms 
are attached to the mucous membrane although 
there are petechiae in nearby areas. The mucosa 
of the gut seems almost normal. There are no 
ulcerations or hypertrophied Peyer’s patches. 

Microscopically a portion of a hookworm is 
seen near its point of attachment to the jejunal 
wall. The worm contains some leukocytes and 
red blood cells. The jejunal villi are slightly 
edematous, a finding also noted in the submu- 
cosa. Plasma cells, lymphocytes and an occa- 
sional polymorphonuclear leukoc5"te are dis- 
tributed sparsely throughout the entire thick- 
ness of the wall of the jejunum (Fig. 2). 

The mucosal changes may be more ad- 
vanced than those described above. The 
punctate hemorrhages may break down 
terming small erosions or frank ulcerations 
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Fig. I. Hookworm disease. Photographs of jejunum 
showing appearance of mucosal folds and hook- 
worms. A reveals the normal or slightly accentu- 
ated appearance of the valvulae conniventes and 
several hookworms in situ. Close-up enlargement 
of hookworms seen in B. These were fi;-mly em- 
bedded in the mucosa. Note the normal thickness 
of the wall of the intestine illustrated in C. 

which become secondarily infected and 
penetrate the submucosa. 

CLINICAL OBSERVATIONS 

Krause and Crilly^ divided their patients 
with ankylostomiasis into two groups: (i) 
those with significant symptoms whom 
thev considered as having “hookworm dis- 
ease,” and (2) those in whom ova were an 
incidental finding which they called “hook- 
worm infestation.” Of the patients reported 
by Krause and Crilly 45 per cent had 
“hookworm disease” and 55 per cent, 
“hookworm infestation.” Approximately 
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Fig. 2. Hookworm disease. Photomicrograph of jejunum taken from the region of the attached parasite. 

or ion o ookwo^ at X, The jejunal wall is slightly edematous. This section was taken from the 
specimen shown in Figure i. 


65 per cent of the patients we saw had clini- 
cai evidence of “hookworm disease.'*' The 
rest were battle casualties or patients with 
other conditions in whom positive stools 
were found during routine studies. 

The Americans treated for hookworm 


eight months in duration; one patient was 
thought to have had the disease for approxi- 
mately one year. 

The recent past medical history in our 
patients was interesting. It was noteworthy 
how often the men remembered itching 


disease in our medical installation were in 
excellent health when they first arrived in 
the China-Burma-India Theatre of War. 
Approximately 8o per cent came from parts 
of the United States where hookworms 
were not a public health hazard. As we 
knew where and when they had traveled 
throughout India and Burma, it was easy 
to estimate when they were first exposed 
to the parasite. This, plus the clinical his- 
tory, made it possible to judge the duration 
of the disease with considerable assurance. 
We felt reasonably confident, therefore, 
that the disease, as we saw it, was of recent 
origin. In 8o per cent the disease was be- 
lieved to be less than three months in dura- 
tion. The remaining cases w'ere from six to 


after lying in foxholes for several hours. 
Their descriptions of the “ground itch' 
were classical and it was by no means un- 
common for them to volunteer that the 
itching was localized to that part of the 
body exposed to water or mud. The 
pruritus and dermatitis usually developed 
several hours after exposure and lasted 


from four to seven days. 

Cough, too, was common. Indeed it oc- 
curred with such regularity in combat 
that men called it the “foxhole coup- 
It was potentially dangerous as it couit ex- 
pose their position to the eneni^. 

:ough was usually dry and superncia , ‘•p 
learing one to two weeks after the groum 
tch." The chests of many were examined 
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during the period of their gastrointestinal 
complaints, but no roentgen abnormalities 
were noted. 

The onset of the gastrointestinal symp- 
toms varied from six to twenty-five weeks 
after exposure. In many patients the dis- 
ease was ushered in by an acute attack of 
nausea, vomiting, abdominal pain and di- 
arrhea. In others, abdominal complaints 
developed gradually and were associated 
with marked weight loss and intractable 
diarrhea. 

Pain was the most prominent intestinal 
complaint. It was usually epigastric and 
sometimes suggested peptic ulcer. In gen- 
eral, the pain was diffuse and was vari- 
ously described as “burning” or “cramp- 
ing” in character. As a rule, it was made 
worse by food. 

Occasionally patients presented low 
grade fever for which no other cause but 
hookworm could be found. About half of 
the patients were tender over the upper 
abdomen, the tenderness being, diffuse 


rather than localized. Hyperperistalsis on 
physical examination was the rule. 

In contrast to the anemia described in 
chronic hookworm disease, the red blood 
cell counts and hemoglobin estimations 
were normal in all of our patients with but 
3 exceptions. The latter were heavily in- 
fested and required morphine for relief of 
their abdominal distress. Of these, 2 had 
II grams of hemoglobin, the third, 13 
grams. 

About half of the patients had white 
blood cell counts of over 10,000, the average 
being about 15,000. The highest leukocyte 
count recorded was 41,000 in a patient with 
70 per cent eosinophilia. Of the 68 indi- 
viduals in whom differential white blood 
cell counts were obtained, 8 revealed less 
than 10 per cent eosinophiles. Thirty pa- 
tients presented 11-30 per cent eosino- 
philia and the remaining 30, more than 30 
per cent. The highest was 80 per cent re- 
corded in a patient with 25,000 leukocytes. 
It was our impression that the eosinophiles 



Fig. 3. Normal small intestine. Roentgenograms obtained at one-half and one and one-h^f ho^ mtervds 
after distilled water and barium mixture taken by mouth. The banum stream is continuous. The caliber 
of the lumen is even and the mucosal folds are normal in size and istri ution. 
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in the blood often varied directly with the 
severity, of the clinical findings and the 
roentgen abnormalities. Usually the eosino- 
philia decreased as the patient improved. 

The following case is reported because it 
demonstrates the classical sequence of 
events in hookworm disease. It is the earli- 
est proved case in our experience. 

CASE REPORT 

On October 2.7, 1944, the patient, aged 
twenty-five, crawled under a mobile crane 
where he worked for about an hour while lying 
on his back. His shin pulled out of his trousers 
exposing his skin to the ground. The patient’s 
back was also exposed by a hole in his shirt. 
In about one hour he noticed itching. The fol- 
lowing day a rash appeared in the skin areas 
exposed to the soil which lasted for three days. 

Four days later, on October 31, the patient 
developed a cough which disappeared spon- 
taneously in twelve days. 

On November 12, sixteen days after the orig- 
inal exposure, he first noticed post-prandial full- 
ness and began to vomit. Cramping abdominal 
pains also appeared which were made worse by 
eating. Four days later, on November 16, diar- 
rhea was noted for the first time. 

The patient was admitted to the hospital 
complaining of cramps and diarrhea on Novem- 
ber 27, thirty-one days after his exposure. He 
was well nourished but exhausted. Mild upper 
abdominal tenderness was the only noteworthy 
clinical finding. Captain Arthur Rogers, the 
patient’s ward physician, made the diagnosis of 
hookworm disease from the history alone. His 
opinion was verified by the hookworm ova 
found in saline suspensions of the stool obtained 
twenty-four hours later. At that time the pa- 
tient’s white blood cell count was 13,000 with 
66 per cent eosinophiles; hemoglobin was i6.a 
grams. 

The patient was treated with tetrachlor- 
ethylene following which Ankylostoma duo- 
denale and Necator amerkayius were identified 
in the stool. He made an uneventful recovery. 

ROENTGEN EXAMINATION 

Roentgen Technique. The gastrointestinal 
studies "svere done in the morning, the pa- 
tient having fasted after midnight. Five 
ounces of barium suspended in 5 ounces of 
distilled water were used routinely. Roent- 


genoscopic observations were made in the 
erect and horizontal positions following 
which the patient was examined at thirty 
to forty-five minute intervals, depending 
upon the findings. Roentgenograms were 
obtained routinely every half hour for the 
first two hours and every hour subse- 
quently, In most instances the examina- 
tions were completed at the end of three 
hours. 

Roentgen Observations before Treatment. 
Sixty per cent of the patients with hook- 
worm infestation revealed gastrointestinal 
abnormalities on roentgen examination. 
As a rule, the changes were proportional to 
the severity of the patient’s illness. Indi- 
viduals with mild infestations showed few 
abnormalities, if any, whereas those with 
definite distress showed striking changes. 

The esophagus was usually normal in pa- 
tients with ankylostomiasis. Aerophagia 
and phrenospasm were noted but their in- 
cidence was not unusual. Esophageal irri- 
tability was never observed in this series. 

The stomach was also essentially nega- 
tive. Exaggerated rugal folds and increased 
tone were seen occasionally. Gastric empty- 
ing was usually normal, or, in rare in- 
stances, slightly delayed. 

The duodenal bulb was regularly normal. 
Occasionally, in the seriously ill, it was ir- 
ritable but it was rarely tender and spastic. 
In some the mucosal folds seemed promi- 
nent but the change was never striking, 
\The findings were different in the third 
and fourth portions of the duodenum where 
marked abnormalities were common in the 
seriously ill. Increased tone manifest by 
narrowing of its lumen, and irritability were 
the rule. They revealed mucosal distortions 
which varied with the severity of the infes- 
tation. Appearing normal in patients with 
few symptoms, the folds became increas- 
ingly thick and distorted as the disease 
progressed. In many they were spaced ir- 
regularly and showed noteworthy varia- 
tions in size and shape (Fig. 4)./ 

Occasionally the distal duodenum seemed 
to lose its tone completely. Momentary' 
periods of dilatation were noted at which 
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Fig. 4. Hookworm disease. Roentgenograms obtained one hour and two and one-half hours after barium 
meal taken orally. There is considerable delayed motility and duodenal dilatation in A. The mucosal pat- 
tern is distincdy abnormal. E reveals diffuse irritability of the small intestine with long areas of peristaltic 
contraction and segmentation. Chief complaints were nausea, vomiting, and severe cramps for six weeks. 
White blood cell count 40,000, with eosinophiles 70 per cent. (Patient was raised in Nebraska.) 


time the third and fourth portions of the 
duodenum ballooned out and appeared 
sausage shaped. This was a transient phe- 
nomenon which was followed promptly by 
the hypertonic pattern. The change was 
unpredictable and occurred more often in 
the jejunum. 

Reverse peristalsis was rarely observed 
m this portion of the small intestine. 

Jejunal tenderness was the earliest mani- 
festation of hookworm disease. It was al- 
most always present and was elicited with 
ease by direct pressure under roentgeno- 
scopic guidance. It occurred with enough 
regularity to suggest the clinical diagnosis 
m patients with minor roentgen findings. 
^^'hereas the distal duodenum and distal 
Jejunum were often tender also, the area of 
maximum discomfort was confined usually 
to the proximal half of the jejunum. 

\Narrowing of the intestinal lumen and 
mucosal distortion characterized the roent- 


gen findings. The tone varied directly with 
the severity of the clinical findings, the 
lumen approaching one-half to one-third 
its normal dimensions. Often normal in 
asymptomatic individuals, the intestine ap- 
peared increasingly irritable and intolerant 
of the barium as the complaints progressed 
(Fig. 5). With progression these changes 
involved more and more of the intestine 
until, in the seriously ill, the entire je- 
junum and portions of the ileum were in- 
volved. Shortening and narrowing of the 
lumen of the small intestine were also note- 
worthv in well developed infestations (Fig. 
6 ). 

Roentgenoscopically, both segmental and 
peristaltic contractions were increased in 
intensity. The normal gentle sway of the 
small intestine was often replaced by active 
pendulum movements which were “accor- 
dion like” and seen with ease. In rare in- 
stances a “cog-wheel” appearance was ob- 
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Fig. 5. Hookworm disease. Close-up reproductions 
of the proximal jejunum taken from the small in- 
testinal studies of 3 patients with hookworm dis- 
ease. The mucosal folds in A are wider and higher 
than normal; in B they are irregularly spaced and 
point irregularly in all directions; C reveals much 
thicker mucosal folds which are widely separated 
from each other in one segment. 

served roentgenographically which was 
probably an actual record of a segmental 
contraction recorded while the film was 
being exposed (Fig. 7). 


Peristalsis was vigorous and rapid. The 
segments of contracted intestine along the 
path of the propelling peristaltic waves 
were narrower and longer than those seen 
in healthy individuals. The intestine seemed 
constantly active and unable to relax. Oc- 
casionally transient periods of marked- re- 
laxation were noted when the jejunum 
appeared atonic and ballooned out, an 
appearance described above in the distal 
duodenum (Fig, 8). Here, too, inhibition 
of intestinal tone was momentary and was 
followed immediately by active contrac- 
tions. 

j The mucosal folds of the jejunum re- 
vealed striking variations. Normally i to 2 
mm. in width and about the same distance 
apart, the valvulae conniventes in well de- 
veloped hookworm disease were two or 
three times as wide and spaced irregularly 
apart up to 5 or 7 mm. The folds appeared 
thick and irregular rather than slender and 
neat (Fig, 5, 9 and 10). The ease and speed 
with which their form and direction 
changed made one confident they were 
manifestations of an irritable muscularis 
mucosae rather than organic infiltrations of 
the mucous membrane (Fig. I4). Also 
noteworthy were their uneven increase in 
height and the irregular manner in which 
they dipped into the column of barium. 
Instead of small groups of mucosal folds 
lying parallel there were areas where neigh- 
boring folds pointed irregularly in all di- 
rections (Fig. 5). The result was anything 
but the continuous even barium shadow 
usually seen roentgenographically in the 
normal jejunum (Fig. 3). 

The ileum usually revealed nothing ab- 
normal. About half of the patients in this 
group showed increased ileal tone (Fig. 9 
and 11). In approximately 40 per cent, the 
barium transit time was slow, being over 
three hours. Ileal stasis with marked seg- 
mentation and bolus formation were not 
the rule but were not uncommon. 

Of particular interest were the mucosal 
folds in the ileum. Normally low, 1 or 2 
mm. high, and widely separated, they were 
occasionally prominent and closely aligned 
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Fig. 6 . Hookworm disease. Roentgenograms obtained fifteen minutes {A) 

istration of barium. The entire small intestine is irritable and seems unable to relax. The mucosal folds 

are wSe, ^regular in height, and unevenly spaced Chief complaint was P-^’P-p-^ial 

three weeks. White blood cell count i8,ooo, with 48 per cent eosmophiles. (Patient vas raised in i ev 

York State.) 


in hookworm disease (Fig. 12). In this the 
mucosal pattern of the terminal^ ileum 
mimicked that of the normal jejunum. 
When present, it was invariably associated 
with marked jejunal changes. 

Roe7itgen Obso'vations afte)' Ti'eatmeyit. 
Twenty-eight patients were examined from 
one to four times after treatment. A few 
were studied two to four weeks after treat- 
ment; many more were re^examinfed at the 
end of two to six months. ■< 

Two patients with jejunal tendeiTiess but 
no roentgen abnormalities w.ere re-exam- 
ined three and ten weeks after treatment. 
The gastrointestinal tracts were normal and 
the tenderness gone in both. Neither was 
very ill when first seen, however. 

Fourteen patients with moderately se- 
vere clinical complaints and moderate 
roentgen changes were re-examined one to 
three months after therapy. In 3 the gas- 
trointestinal tract returned to normal in 
one to two months (Fig. 10). Six patients 
revealed roentgen evidence of improvement 


one to three months after treatment. Three 
were unchanged after one to three months 



Fig. 7. Flookworm disease. “Cog-wheel” jejunal 
nattern This was occasionally seen and probably 
J^^presents a record of a rhythmic segmental con- 
traction obtained during the time the film was 
being exposed. One might consider it a kymogram 
of a pendulum movement. 
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Fig. 8. Hookworm disease. Roentgenogram ob- 
tained one hour after barium by mouth. Note di- 
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and 2 were definitely worse three months 
later. Clinically all but the last i were con- 
siderably improved or entirely well at the 
time the follow-up study was done. 

Twelve seriously ill patients were re- 
examined three to six months after com- 
pleting an adequate therapeutic course. 
Five showed marked improvement in the 
roentgen appearance of the intestine in 
three months. Of the latter, one was well 
clinically, and the second was improved 
but not symptom free. In 3, the intestinal 
distortion was worse four to six months 
after treatment. One of the latter was much 
improved clinically, one was moderateh 
improved, and the third unchanged, n 
such instances repeated stool examinations 
occasionally revealed ova even though they 
had been negative following the first thera- 
peutic course. 

lated jejunal loop with flat mucosal O'*"! 

complaint was “hdominaUramps Hemogb. 

grams; 60 per cent eosmophiles. (I acient 
raised in Iowa.) 
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Fig 10 Hookworm- disease. Original small intestinal study in A. Roentgenogram obtained one and one-half 
lours after ingested barium m%al. Note dilated jejunal loops with highly mucosal fo Ids^ The 

distal ieiunum and proximal ileum reveal marked contraction, an appearance ^vhIch could be attributed 
Sire.- Chief complaints were generalized abdomind pam "7'“. 

weeks’ duration. White blood cell count, 7,600. with z. per cent 

intestinal pattern essentially normal at same one and one-halt hour interval. Patient well except tor g 
abdominal tenderness. (Patient raised in New York State.) 


With improvement the jejunal tender- 
ness diminished and then disappeared. 
Whereas the intestinal pattern often re- 
mained abnormal, it seemed less irritable 
and spastic. Motility, too, tended to return 
to normal, and in some actually became 
rapid (Fig. 13). The greatest delay in im- 
provement was noted in the mucosal folds, 
which often remained distorted for months 
after patients were apparently cured. 

Occasionally, following treatment, the in- 
testinal pattern changed abruptly from the 
normal to abnormal. Occurring one to one 
and a half hours after the barium meal was 
ingested, the change was characterized by 
hyperperistalsis, excess segmental contrac- 
tion and mucosal distortion, all manifesta- 
tions of failure of relaxation. The evidence 
suggested that the sudden change we ob- 
serv’-ed might be due to derangement of re- 
flexes which normally controlled intestinal 
activity. Perhaps fatigue of a previously 
damaged intramural nerv’^ous system was 


responsible for the abrupt variations de- 
scribed above. 


DISCUSSION 

Complete gastrointestinal studies were 
btained in 10 healthy members of our 
ommand as soon as we arrived in India 
Fig. 3). Anticipating nutritional^ deh- 
ieheies and intestinal diseases, we did this, 
o have controls available for future refer- 
nce. About sixteen months later these men 
/ere re-examined clinically and roentgeno- 
3o-ically; no changes were found. Viewed 
n'’ the light of these control studies, it 
eemed reasonable to conclude that the 
hanges we saw in hookworm disease were 

lot due to diet alone. . 

Krause and Crilly“ attributed the intes- 
inal distortions to “certain dietary fac- 
:ors ” feeling that neither the actual pres- 
Mice of worms nor anemia was responsible 
br the changes. Golden, discussing their 
.aper, suggested that the hookworms 
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themselves, as well as nutritional disturb- 
ances, might have been the cause. 

Many of our patients were below their 
norma! weight %vhen we first saw them. 
They revealed no clinical evidence of mal- 
nutrition or anemia; the former could have 
been present but not recognized. The same 
could have been true of hypoproteinemia 
which we did not exclude because of con- 
ditions beyond our control. Admitting all 



Fig. II. Hookworm disease. Additional il- 
lustrations of distorted small intestinal pat- 
tern in ankylostomiasis. one-half hour 
roentgenogram of patient with no symp- 
toms. Note prominent mucosal folds and 
long peristaltic contractions. The latter 
could be due to failure of relaxation. B, 
three and one-half hour roentgenogram of 
patient complaining of abdominal cramps 
for six weeks. Note delayed gastric empty- 
ing. C, one-half hour roentgenogram of pa- 
tient who had lost weight and complained 
of periumbilical pain, nausea and weakness 
for ten weeks. 


these factors (anemia, nutritional deficien- 
cies, hypoproteinemia, tire actual presence 
of the hookworms) to be important in the 
production of the intestinal changes seen 
before treatment, it was difficult to explain 
why the distorted roentgen pattern per- 
sisted after treatment in many patients 
who were well clinically. 

Reports of cases of hookworm disease 
found in a limited review of the literature 
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Fig. 12. Hookworm disease. Roentgenogram obtained one and one-half hours after oral ingestion of barium 
meal. Note continuous stream of barium in A. The mucosal folds are clearly visualized throughout t e 
ileum. Enlargement of ileocecal portion of A seen in B reveals the prominent and wide mucosal folds to 
better advantage. 








Fig. 13. Hookworm disease. A, original narTow^lmd shortened. The 

barium meal. The barium stream is continuous but the bowel . . r ’ . • ^ nausea post- 

mucosal folds are^oarrand irregular in height, width, 

prandial abdominal cramps, and right upper quadrant ^pa g months later, roentgenogram taken 

count 6,700, with 50 per cent eosinophiles; hemoglobm | j fle.xure. The small intestine 

at same one-half hour interval reveals rapid transit time wuth 
is less hypertonic, but still abnormal. (Patient was raised in es g ‘ • 
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say little about the histopathlogical char- 
acteristics of the wall of the small intestine. 
Mention was made ol “hemorrhage, eosino- 
philic infiltration, and edema," but nothing 
definite was gathered concerning the thick- 
ness of the intestine or the condition of its 
intramural nervous system. 

Golden,- reviewing the physiology of the 
small intestine, called attention to the im- 
portance of the latter. He commented upon 
the delicate balance that exists between 
tlie sympathetic and parasympathetic ner- 
vous systems. He presented numerous il- 
lustrations of “disordered motor function" 
among which he included the distorted 
pattern of nutritional disturbances. Of un- 
usual interest and importance were his 
comments about the pathology of the in- 
tramural nervous .s)’stem and the “vacuo- 
lization of nerve cells in both myen teric and 
submucosal plexuses" demonstrated with 
special stains in a patient with nontropical 
sprue. Of equal significance were Ingelfinger 
and Moss’s* observations in sprue where 
they noted that the intrantural nervous ap- 
paratus was unable to liberate active acetyl- 
choline and that the injection of acetyl- 
choline produced intestinal movements. 

It was our impression that the mucosal 
changes seen in hookworm disease were in 
the main due to an abnormal intramural 
nervous system. VVe felt that disturbances 
in reflex arcs rather than actual thickening 
of the w'all of the intestine were responsible 
for the distorted mucosal pattern. It was 
found difficult to picture an indurated in- 
testine changing its mucosal appearance 
and lumen with the speed that character- 
ized the small intestine in this studv (Fig. 
14). • 

The roentgen observations tend to sup- 
port this postulate. If the intramural ner- 
vous system were damaged one could un- 
derstand why distorted mucosal patterns 


persisted after the hookworms were de- 
stroyed by vermifuges. Conversely, if the 
intramural nervous system remained intact 
or but slightly damaged it would explain 
why 40 per cent of patients with hookworm 
disease revealed no roentgen evidence of 
distorted mucosal folds. The latter obser- 
vation lends further support to the idea 
that the presence of hookworms alone is not 
responsible for the mucosal changes. Fi- 
nally, it would explain why the disordered 
motor function pattern differed from pa- 
tient to patient, for if the degree of involve- 
ment of the intramural nervous system 
varied it w'ould seem proper for the intes- 
tinal pattern to vary. 

What damaged the intramural nervous 
system, if indeed it was damaged, remained 
a moot problem. We believe it highly pos- 
sible that the hook-like teeth of the para- 
sites were to blame. Cutting into the mu- 
cous membrane at the site of their em- 
bedded buccal capsule they might readily 
have interfered with the elaborate network 
of nerve cells and fibers which extend to 
every portion of the intestine from the sub- 
serosal, Auerbach’s, the deep muscular, and 
Meissner’s plexuses. That toxins, too, 
might have played a part cannot be denied; 
the fact that an immunity to hookworm 
disease in dogs has been produced ex-peri- 
mentally implies that this is a possibility 
for it suggests the presence of an endotoxin. 
The latter seems unlikely, however. 

SUMM-ARY 

1. Over 125 American troops with 
proved ankylostomiasis were examined 
roentgenologically for gastrointestinal 
changes. 

2. Approximately 60 per cent revealed 
roentgen abnormalities in the small intes- 
tine. 

2. Changes in the small intestine were 

sJ w 


^nl.argements of this one loop which :ire arranged in the order in which niucosal folds 

not static. From roentgenogram to roentgenogram definite ch.anges m height, width, and p.acing occur 
which could not happen were the mucosa and sub.-nucosa thickened enough to have caused the distortion 
Similar intestinal activity can be observed at X which is a lower jejunal loop. The film in the lower r g 
fmnd corner was taken immediately after the series of exposures was completed. 
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noted within one month after exposure to 
the parasites. 

4. Whereas the intestinal abnormalities 
demonstrable by roentgen methods ap- 
peared first in the proximal jejunum^ they 
spread into the distal duodenum, distal 
jejunum, and throughout the ileum. 

5. The changes were those of “disor- 
dered motor function,” characterized by 
excessive peristaltic and segmental con- 
tractions with distortion of the mucosal 
pattern. 

6. Improvement in the roentgen mani- 
festations of the disease occurred early in 
some cases and in many others was de- 
layed. Not infrequently the abnormal 
changes persisted for months after the pa- 
tient was well clinically. 

7. Causes for the intestinal changes in 
hookworm disease are discussed and the 
possibility of their being in part due to a 
damaged intramural nervous system is 
postulated. 

3400 Spruce St., 

Philadelphia 4, Pa. 
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December, 



fiftieth anniversary of the discovery of 

THE ROENTGEN RAY 


SCIENCE dawned though late upon the 
earth and the science of roentgenol,ogy 
rnuchj much later. The steady sure progress 
in human endeavor was never better exem- 
plified than in the story of the forefathers 
of Rontgen; each in his turn added a bit of 
knowledge which ultimately resulted in the 
discovery of the roentgen ray, a discovery 
of unparalleled fruitfulpess in the advance- 
ment of benefit to the human race, which 
had led us steadily but surely up “the steep 
ascent from the unknown to the known.’’ 
Within the span of fifty years we have pro- 
gressed from a faint flicker of the cathode 
ray upon the fluorescent screen in Ront- 
gen’s laboratory in Wurzburg to the fall 
of the atomic bomb upon Hiroshima. Be- 
tween these two events there has emerged 
from the careful thought and experimenta- 
tion of many minds and hands over the, 
world a well ordered road map of experience 
not only in the diagnostic and therapeutic 
aspect of roentgenology but also in the use 
of the roentgen ray in many other fields. 

We are too close to the events which ac- , 
companied the development of the atomic 
bomb to have a full realization and appre- 
ciation of its portent. However, it is well to 
survey some of the tremendous advances 
that have been made not only in rnedicine 
but also in chemistry and physics since the 
discovery of the roentgen ray. Perhaps no 
single episode which has resulted from a 
scientific effort has so influenced the prog- 
ress of the human race. By its use we have 
opened a new era not only in the diagnostic 
but also in the therapeutic approach to dis- 
ease. 

The employment of the roentgen ray in 
its earliest stages gave us a new conception 
of the skeletal structures and made possible 


the diagnosis of inflammatory diseases and 
tumors which involve this system, and in 
these later years the roentgen ray has been 
used in the determination of bone dyscra- 
sias which result from endocrine and 
metabolic disturbances. Its employment in 
the normal physiology of growth and de- 
velopment is comparatively recent and is 
of untold importance. Without the roent- 
gen ray the whole recent advance in neuro- 
logical surgery would not have been 
possible. As an ancillary in the diagnosis of 
tumors and diseases of the brain and spinal 
cord a new chapter in surgery has been 
written. The great advances that have been 
made in the physiology of the respiratory 
system as well as in the diagnosis of dis- 
eases of the respiratory system are almost 
incredible. A formidable diagnostic aid has 
been added to the stethoscope and one 
might say has almost replaced it as a diag- 
nostic instrument. 

As a result of the peculiar fitness of the 
roentgen ray for the early diagnosis of tu- 
berculosis we have brought this disease al- 
most within the limits of control, though 
the roentgen ray as a method of study of 
diseases of the chest was not generally ac- 
cepted until ipl-. \'\ithout the roentgeii 
ray the enormous progress that has been 
made in thoracic surgery would have been 
delayed years, and yet within the present 
generation by its use the surgical approach 
not only to diseases of the respiratory sys- 
tem itself but to the circulatory system as 
well has been made possible. 

The steady advances in our knowledge oI 

the normal physiology of 
tinal tract as well as its . 

been made possible by the use ot ; 

»en rav. With its employn.c.t in ihseSses 
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of the genitourinary tract the diagnosis of 
urological conditions has almost approached 
an exact science. 

Sliortly after the discovery of the roent- 
gen ray the possibility of using it thera- 
peutically became evident and within a 
comparatively short time following the an- 
nouncemen|: of the discovery, superficial 
skin lesions and cancers of the skin were 
treated with roentgen radiation. Since 
those early days we have seen a steady 
progress in the use of the roentgen ray in 
the treatment of various diseases, but par- 
ticularly neoplastic disease. This progress 
has been a sure one and has been made 
possible by the continuous improvement in 
the construction of tubes and mechanical 
devices for measuring the quality of the 
roentgen radiation administered. No longer 
do we rely upon inadequate or unsatisfac- 
tory equipment in this respect and with the 
technical advances made in the construc- 
tion of machines the end in the radiation 
therapy of tumors is not yet. The advances 
in the use of the roentgen ray as a thera- 
peutic agent have been so important that 
we now have specialization in radiotherapy. 

There is no branch of medicine which has 
not benefited by the employment of the 
roentgen ray. With its use the workers in 
physics and chemistry have unlocked the 
wicket gates of nature; they have explored 


the realm of the unknown and have un- 
raveled many of its secrets and thus have 
been able to harness additional forces of 
nature. 

The recent experimental work with the 
roentgen ray has opened an entirely new 
chapter in atomic energy, the possibilities 
of which are already being explored. Some 
hint of the outcome of these explorations is 
given in a thought-provoking paper on 
“Utilization of Antibody for the Localiza- 
tion of Metals and Dyes in the Tissues” 
found elsewhere in this issue. 

In the realm of industry we have seen 
revolutionary changes as the result of the 
employment of the roentgen ray in the 
spectral analysis of metals, eliminating to a 
marked degree the trial and error methods 
which had hitherto been followed. Such 
revolutionary changes have also resulted 
from the roentgenologic examination of the 
various products of industry during their 
process of manufacture and after their 
completion. 

The whole history of the roentgen ray 
from the day of its discovery until the pres- 
ent time is one of steady sure progress in 
every field of scientific endeavor. With this 
issue of the Journal we commemorate the 
Fiftieth Anniversary of the discovery of 
the roentgen ray — one of man’s greatest 
achievements. 
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nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

North Dakota Radiological Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society 
Secretary, Dr. Henry Snow, ic6i Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society 

Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

Pennsylvani.\ Radiologic.\l Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

Philadelphia Roentgei{ Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 P.M., in Thomson Hall, College of Phj sicians, 
21 S. 22d St. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rochester Roe.ntgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. ^Ieets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain Radiologic.a.u Society 
Secretary Dr.A.M. Popma, 220 N. FirstSt., Boise, Idaho. 

St. Louis Society of Radiologists 

Secretary, Dr. Edwin C. Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president. 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaflfe, Naval Hospital, Balboa 
Park, San Diego, Calif. ^Ieets monthly on first Wednes- 
day at dinner. 

San Francisco Radiological Society 

Secretary, Dr. Carlton L. Quid, University of California 
Hospitd, San Francisco 22. Meets monthly on the third 
Thursday at 7:45 p..m., first six months of the year at 
Lane Hall, Stanford Universit>' Hospital, and second six 
months atTolandHall, Universityof California Hospital. 

Shreveport Radiologic.al Club 

Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

South Caroli.va X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

Tennessee Radiological Society 
Secretary, Dr. J. M. Frere, 707 Walnut St., Chattanooga, 
Tenn. Sleets annually at the time and place of the 
Tennessee State Medical .Association. 

Texas Radiological Society 

Secretary, Dr. R. P. O’Bannon, 650 Fifth .Ave., Fort 
Worth 4, Texas. Next meeting, Dallas, Texas, Monday, 
January I4, 1946. 

Universtty of Michigan Department of Roentgen- 
ology Staff Meeti.ng 

Meets each Monday evening from September to June, 
at 7 p..\r. at University Hospital 

University of Wisconsin Radiological Conference 
Secretary, Dr. E. -A. Pohle, lyoo University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 p.m.. 
Room 301, Service Memorial Institute. 

Virginia Radiological Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. bleets annually in October. 

Washington State Radiological Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St-, Seatdei 
Meets fourth Monday each month, October through May, 
College Club, Seattle. 


X-RAY Study Club of San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 
Cuba 

SociEDAD de RadiologIa y Fisioterapia de Cuba 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

British Empire 

. British Institute of Radiology Incorporated with 
the Rontgen Society 

Medical Members’ meeting held monthly on third Friday 
at 2:30 p.-M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.i. 

Section of Radiology of the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty of Radiologists 

Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. i 
England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

Radiological Section of the Victorian Branch of the 
British Medical Association 

Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meefs 
monthly from March to November inclusive. 

Can.adian Association of Radiologists 
Secretary, Dr. J. W. McKay, 1620 Cedar Ave., Montreal. 
P. Q. 

Section of Radiology, Canadian Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zea. 
land. Meets annually. 

South America 
S ociEDAD Argentina de Radiologia 
Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD Peruana de Radiologia 

Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the .•\sociaci6n M«lica Peruana 
“Daniel h. Carrion, Villalta 218, Lima. 

Continental Europe 

SociEDAD EsPANOLA DE RaDIOLOGIA Y ElECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Societe Suisse de Radiologie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language. Dr. Babaiantz, Geneva. 
Secretary for German language. Dr. Max Hopf, Effinger- 
strasse 49, Bern. Meets annually in different cities. 
Societatea Ro-mana de Radiologie si Electrologie 
Secretary, Dr. Oscar Meller, Str. Banul MarScine, 30, 

S. I., Bucuresd, Roumania. Meets second Monday in 
every month with the exception of July and August. 
All-Russian Roentgen Ray Association, Leningrad: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

Leningrad Roentgen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock. State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow Roentgen Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p..m. 
Scandinavian Roentgen Societies 
The Scandinavian roentgen societies have formed a joint 
assodadon called the Northern Associadon for Medical 
Radiology, meedng every sccoiid year in the different 
countries belonging to the Assodadon. 
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Dr. W. C. Rontgen. By Otto Glasser, Cleve- 
land Clinic Foundation. Cloth. Price, S4.50. 
Pp. 169, with illustrations. Springfield, Illi- 
nois: Charles C Thomas, 1945. 

In this issue of the American Journal of 
Roentgenology and Radium Therapy which 
commemorates the Fiftieth Anniversary of the 
discovery of the roentgen ray, it is particularly 
fitting that a review appear of this recently pub- 
lished book. As Dr. Glasser states in the pref- 
ace, “The enthusiam that hailed the use of 
roentgen rays from the publication of Rontgen’s 
first communication has never abated.” Thus, 
as all radiologists join in paying honor to Ront- 
gen, the book has been sponsored by the three 
leading radiological societies in the United 
States, the American Roentgen Ray Society, 
the Radiological Society of North America and 
the American College of Radiology, 

Dr. Glasser among his many other activities 
has done an enormous amount of research on 
the life and work of Rdntgen and he is without 
doubt the outstanding authority on the dis- 
coverer of the roentgen ray. In his previous 
book “Wilhelm Conrad Rontgen and the His- 
tory of the Roentgen Rays and in the chapter 
on “Wilhelm Conrad Rdntgen and the Discov- 
ery of the Roentgen Rays” published in The 
Science of Radiology, Dr. Glasser has given 
many of the details connected with Rdntgen s 


life and the facts leading up to the discovery of 
the rays as well as the event itself, 

^ Since the year 1945 is the one hundredth an- 
niversary of Rontgen’s birth— he was born on 
March 27, 1845 — well as the fiftieth anniver- 
sary of the discovery of the roentgen ray, it 
seemed an opportune time to publish this addi- 
tional small volume. It includes some of the 
material which Dr, Glasser has already pub- 
lished but it also contains new material un- 
earthed by the author in his constant research 
on his favorite subject. It gives in a compact 
form the story of Rdntgen’s life and a new 
translation of the three communications dealing 
with the discovery of the roentgen ray — “On a 
New Kind of Rays” (preliminary communica- 
tion), December 28, 1895; “On a New Kind of 
Rays” (second communication), March 9, 1896, 
and “Further Observations on the Properties of 
X-Rays” (third communication), March lo, 

There is also given a list of the scientific pa- 
pers of Rontgen as well as a chronology of his 
life. The volume has been attractively printed 
and bound. It offers easy access to the main 
events of Rontgen’s life and rhe discovery of 
the roentgen ray and is a book which every 
radiologist will wish to include in his librar> . 

Ruth Bigelow 
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ROENTGEN DIAGNOSIS 

NECK AND CHEST 

ShapirOj M. J., and Keys, Ancel. The 
prognosis of untreated' patent ductus ar- 
teriosus and the results of surgical inter- 
vention. ^ 772 . J. M. Sc.^ August 1943, 206, 
174-183. 

This study was made to learn what could be 
expected in regard to longevity and cause of 
death in untreated cases of patent ductus 
arteriosus and to examine the records of 
surgerv' to date. The authors found it necessary 
to review the entire medical literature and 
have analyzed all the cases of patent ductus 
arteriosus in adults from which postmortem 
examinations have been reported. Eighty per 
cent of such patients eventually succumb to 
their cardiac lesion. Those patients who were 
alive at seventeen years of age averaged thirty- 
five years of age at death. At least 40 per cent of 
these patients died of subacute bacterial 
endarteritis and most of the remainder died of 
congestive cardiac failure. Spontaneous rupture 
of the pulmonarj” artery or the ductus occurred 
in a few cases. 

Through personal correspondence with in- 
dividual surgeons and internists the authors 
found that 140 patients had been operated on 
by a total of 15 surgical teams. Of these cases 
107 %vere uncomplicated w'hile operation was 
performed on 33 patients in the presence of 
subacute bacterial endarteritis. In the 107 
uninfected cases, 81 operations were completely 
successful. Of the 33 patients who were op- 
erated on in the presence of subacute bacterial 
endarteritis 20 resulted in apparent complete 
success, i.e., the blood cultures became sterile 
and the patient’s general condition improved 
markedly. Errors in diagnosis were m<ade in 
only 2 instances in the entire group of 140 
patien ts. 

The authors conclude that surgcr>' is ad- 
visable in the great majority of patients with 
patent ductus arteriosus with, or without, 
subacute bacterial endarteritis. In the latter 
case surgery affords more than a forlorn hope. 
The uninfected patient cannot expect a normal 
life span without surger>' and is likely to de- 


velop subacute bacterial endarteritis at any 
time in spite of present apparent well being. — 
7. 7. McCorL 

Brumfiel, Daniel M. Cardiac symptoms in 

persons with distortion of the mediastinum 

due to pulmonary tuberculosis. Adi. Rev. 

Ttiberc., iSIarch, 1943, 47^ 231-2.52. 

This article is a sequel to one published by 
the author in 1933. It pertains to a study of 38 
patients in whom distortion of mediastinal 
structures was found in conjunction with 
pulmonary tuberculosis, and cardiac symp- 
toms. None of the group had organic cardio- 
vascular disease. 

This study supports the author’s earlier 
contention and the obsen'^ations of others that 
distortions of the mediastinal structures pe;- se 
may give rise to cardiac symptoms. Reference 
is made to the studies of Beck which indicated 
that “direct traction in the long axis of the 
heart or simple lateral displacement produced 
no maleffects, but rotation of the organ on its 
vertical axis or angulation on the axis of its 
anchorage at once altered both rate and 
rhythm.” 

Such changes have been noted following 
pneumothorax. 

Other studies have indicated that mere 
stimulation of the sympathetics may cause 
tachycardia and extrasystoles. The author 
emphasizes that marked displacement of the 
superior mediastinum should be particularly 
productive of this type of circumstance 
alleviated by small doses of mild sedatives. 

One of the cases manifested cardiac ex- 
trasystoles and congestive failure and roentgen 
evidence of displacement of the arch of the 
aorta to the left and dowmward with in- 
evitable stretching of the left recurrent la- 
rj'ngeal nerve. Besides considering deviations 
of the arch of the aorta, one should consider 
deviations of the pulmonarj' arteries and the 
veins. The venae cavae are especially sus- 
ceptable to angulations and thereby, altera- 
tions of blood flow — leading to anoxemia and 
dyspnea and myocardial embarrassment. 

These changes may lead to puimonaiy 
hypertension and right heart failure. 
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Deformities of the thoracic cage may impose 
derangements of the thoracic viscera. 

Electrocardiographic findings were not es- 
pecially significant; they were noticeable in only 
3 of le cases where there appeared to be rota- 
tion (these showed right axis deviation). One 
case showed prolongation of the P-R interval 
to o.aa second. 

Estimates of prognosis seemed to be unreli- 
able. Treatment was considered in terms of pre- 
vention, nonsurgical and surgical. In cases of 
fibrosis, contraction, and cavities, early thora- 
coplasty was performed. The ultimate devia- 
tions of the viscera following pneumothorax 
were carefully watched with consideration of 
later requirements of thoracoplasty or phrenic 
nerve paralysis. Systematic deep breathing ex- 
ercises were applied in some cases. — A. A. de 
Lorimier. 

ABDOMEN 

Freedman, Eugene, Glenn, Paul M., and 
Lvipply, Thomas C. Chronic gastritis simu- 
lating gastric carcinoma. Arch. Lit. Med., 
Jan., 1943, //, 23-37. 

Over a period of three years the authors have 
encountered 5 cases in which the roentgen and 
gastroscopic appearance of localized, chronic 
hypertrophic gastritis simulated carcinoma of 
the stomach. The difficulties in diagnosis pre- 
sented by these cases was such that carcinoma 
could not be excluded before an exploratory 
laparotomy 'was done. In 3 of the cases the true 
nature of the lesion did not become apparent 
until histopathologic examination of the re- 
sected specimen was made. 

While the roentgen appearance of generalized 
hypertrophic gastritis can often be recognized, 
the localized forms are frequently difficult to 
differentiate from carcinoma. Even gastro- 
scopically the differentiation between a local- 
ized inflammatory infiltration and one which is 
neoplastic cannot always be made. 

Chronic gastritis if localized is not necessarily 
limited to the pyloric portion of the stomach. 
One of the authors’ cases demonstrates that it 
may be situated on the side of the greater curva- 
ture. In 2 other cases it involved only the car- 
diac portion of the stomach. In 3 of the cases 
there was rigidity of the wall with absence of 
peristaltic waves with marked deformity of the 
contour. In i case it caused pyloric obstruction. 
The authors state that if the w'ide and irregu- 


larly arranged linear or polypoid rugae are 
associated with defects of contour, the differ- 
entiation between gastritis and carcinoma may 
be extremely difficult, indeed impossible. In 
certain instances repeated examinations at 
short intervals may show some regression in the 
changes favoring gastritis. In order to avoid 
diagnostic errors a roentgenologist must be con- 
scious of the thick wall and in certain instances 
should report the possibility of this less serious 
disease. 

Chronic gastritis is of importance because of 
its possible relation to gastric carcinoma. Pa- 
tients with this condition should be carefully 
followed up with repeated roentgen and gastro- 
scopic examinations to discover, if possible, 
gastric carcinoma in its early stage and thus 
increase the percentage of surgical cures of car- 
cinoma of the stomach. — J. J. McCort. 

Kantor, John L. Roentgenology of the diges- 
tive tract in the tuberculous. Am. Rev. 

Tuberc., May, 1943, 4/, 484-492. 

Intrinsic tuberculous lesions of the esophagus 
are rare, though occasional instances of non- 
specific ulceration were found, wherein the 
tuberculous etiology was identified at autopsy. 
Mediastinal adhesions due to tuberculosis may 
be responsible for dysphagia. 

Likewise, tuberculous lesions of the stomach 
are rare. Good has reported an instance of 0.34 
per cent among unselected autopsies at the 
Mayo Clinic. Kantor has identified only 2 such 
cases in the past twenty-five years. In none of 
these was the diagnosis accomplished before 
death. 

When the lacteal drainage of the small in- 
testine is damaged (as by a tuberculous involve- 
ment of the mesenteric lymphatics), fat absorp- 
tion may be impaired and steatorrhea may re- 
sult. The findings may be the same as where 
there is defective fat splitting; the same as in 
sprue, celiac disease, lymphosarcoma of the in- 
testine or of the mesenteric lymphatics, etc. 
These conditions may be featured by the 
“moulage sign” — the appearance of an ironing 
out of the valvulae conniventes (of the loops of 
the jejunum and occasionally even in the duo- 
denum). It may be necessary to study the pas- 
sage of barium repeatedly over a period of three 
to nine hours after its ingestion in order to 
identify this feature. Viewings or roentgen- 
ography should be accomplished every fifteen 
minutes in the beginning of the study and 
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examination must also be made. 

Tuberculosis ot the spine is very frequent; it 
begins in the vertebrae and extends secondarily 
to the intervertebral discs, resulting in typical 
Pott’s disease, which is most frequent in the 
dorsolumbar column and next in the lumbar 
column alone. Bone abscesses develop, fol- 
lowed by nervous disturbances. The abscesses 
may become calcified. 

Degenerative diseases of the spinal column 
may originate in the vertebrae or intervertebral 
discs. The former group may' be traumatic in 
origin or may' be due to senile decalcification of 
the column of an osteomalacic type, ending in 
fracture of the vertebra without any' direct in- 
jury'. Three cases of this ty'pe are described. 

The degenerative diseases beginning in the 
intervertebral discs may' lead to calcification of 
the disc which is shown on the lateral roent- 
genogram. But the most interesting of these dis- 
eases of the discs are those that lead to hernia- 
tion of the nucleus pulposus; these are the only' 
ones that can be treated surgically' and they' 
are also Interesting clinically as they' cause 
serious subjective symptoms due to compres- 
sion of the intraspinal nerves. — Audrey G. 
Morgan. 

Toledo Henderson, Anib.a.l, Radio-diagnos- 
tico de las hernias del nucleo pulposo. 
(Roentgen diagnosis of hernias of the nucleus 
pulposus.) Radiolog'ia, Sept.-Dee., 1943, d, 
235-241. 

The author makes a study' of hernia of the 
nucleus pulposus into the spinal canal, a condi- 
tion that is quite frequent but comparatively' 
little known. It is caused by' force acting on the 
spinal column when the patient is bending over. 
Eightv'-eight per cent of the cases of hernia of 
the nucleus pulposus are seen in the interver- 
tebral discs of the lumbar region, most of them 
in the last two lumbar vertebrae. The remaining 
12 per cent are distributed almost equally' be- 
tween the cervical and dorsal columns. The 
majority of cases are in men and occur around 
the age of forty'. 

The predominant sy'mptom is pain, due to 
pressure on the nerve roots at their origin. A 
very' large percentage of sciaticas are caused by 
these hernias. Treatment is surgical. 

Diagnosis can be made by' my'elography' with 
La{ay'’s hea\'y' lipiodol. The hernia can be local- 
ized accurately' in this way'. After the hernia 
has been localized by' roentgenoscopy', roent- 


genograms should be made in the anteroposte- 
rior and lateral positions. Heavy lipiodol does 
not have any bad effects if given with the proper 
technique and removed quickly from the spinal 
canal. The technique of the examination is re- 
ported in detail and illustrative roentgenograms 
are given, together with the histories of a num- 
ber of cases . — Audrey G. Morgan. 

Weber, H.a.rry M. The present status of con- 
trast myelography'. Am. J. M. Sc., Nov., 
1943, 206, 6S7-694. 

This article constitutes a review of the litera- 
ture up to November, 1944. From this review 
the author draws the following conclusions: i. 
A completely' satisfactory' medium for contrast 
my'elography' has not yet been discovered. 2. 
Lipiodol y'ields very accurate results. It allows 
the examination of the entire canal. The roent- 
genoscopic examination can be repeated later if 
desired and it will not only' localize the lesion 
but many times will suggest the ty'pe of lesion 
present. On the other hand, lipiodol may cause 
some irritation of the meninges, its removal is 
difficult, and the medicolegal aspect of its use 
must alway's be considered. 3. Air my'elography 
has limited but definite value, mostly' for the 
examination of the lumbar region to detect 
protruded intervertebral discs. 4. The clinical 
and neurological picture is most important in 
the diagnosis of protruded intervertebral discs. 
Contrast my'elography has value only when the 
findings are compatible with the clinical and 
neurologic impression. 

(ir\t the time this paper was written pant- 
opaque had just appeared on the market conse- 
quently' there were no articles available for re- 
view concerning it. However, since this paper 
was published a number of reports have ap- 
peared in the medical literature attesting to the 
superiority of pantopaque over previously used 
media for contrast myelography.) — y. Mc- 
Cort. 

Rier-a. Bauz.a, Melchor. Estudio sobre algunas 
enfermedades no infecciosas de la colunina 
vertebral. (Study of some non-infectious dis- 
eases of the spinal column.) Radiolog'ia, 
Sept.-Dee., 1943) 261-268. 

In order to understand certain pathological 
roentgen images in the spinal column, it is 
necessary to know the normal pictures of its 
normal embryological and later development. 
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These are described and they, as well as the dis- 
eases discussed, illustrated with roentgeno- 
grams. 

Schmorl’s nodules, or hernia of the nucleus 
pulposus, are described. They are an important 
sign in Scheuermann s disease or juvenile ky- 
phosis. They are often attributed to trauma but 
Schmorl thinks the daily demands on the spinal 
column are sufficient to produce them. This dis- 
ease appears generally between the ages of 
eleven and seventeen, affects the dorsal region 
chiefly and causes fibrous rigidity of the af- 
fected segment. 

The commonest of the degenerative diseases 
of the spinal column is deforming spondylar- 
throsis which is characterized by the presence 
of osteophytes, which may form bridges be- 
tween the vertebrae. Arthrotic lesions are said 
to occur in 80 per cent of men and 60 per cent 
of women more than fifty years of age. The clin- 
ical importance of the disease is slight. It causes 
pain in only about 10 to 20 per cent of cases; 
limitation of movement was the most important 
symptom in half of 20 cases examined. As a rule 
it does not cause any nerve lesions. 

Baastrup in 1938 described osteoarthrosis of 
the spinous processes as the cause of certain 
forms of lumbago; this is known as Baastrup’s 
disease. Degeneration of the intervertebral 
discs may cause pain resembling that of lum- 
bago or sciatica. 

A brief discussion is given of spondylolysis, 
spondylolisthesis and osteoporosis of the verte- 
brae. Senile kyphosis is a result of generalized 
osteoporosis of the spinal column — Audrey G. 
Morgan. 


Di Rienzo, S. La espondilitis brucelosica. 
(Spondylitis in Brucella infection.) Radio- 
logta, Sept.-Dee., 1943? 4 

Involvement of the spine is very frequent in 
Malta fever, or infection with Brucella meli- 
tensis. The figures given by different authors 
va.ry greatly — from 20 to 75 cent because 
it is only in recent years that it has been possible 
to detect the lesions in an early stage. The dis- 
ease affects not only the bodies of the vertebrae 
but also the soft parts — cord, meninges, nerves, 
intervertebral discs and ligaments. , , 

When the disease becomes localized in the 
spine it causes pain and contractures. The pam 
varies greatly in severity from a mere pm-pricK: 
to the most intense and agonizing pain, i he in- 
tensity of the pain is not related to the degree 


of involvement of the vertebrae. Contracture 
also is variable but it occurs in the most af- 
fected segment of the spine. Sometimes it is so 
great as to cause rigidity of the trunk and pre- 
vent even the slightest degree of flexion, ex- 
tension or rotation while sometimes it is limited 
to a single muscle group. The vertebral injury 
does not cause any marked rise of temperature. 

The injury of the vertebrae may cause ab- 
scesses resembling those of Pott’s disease, which 
may appear on the surface of the body at a dis- 
tance from the spinal injury. There is no paral- 
lelism either between the appearance of ab- 
scesses and the severity of the spinal injury. 
The development of the abscesses may cause a 
peritoneal syndrome with paralysis of the intes- 
tine and retention of its contents, nausea and 
vomiting, rapid pulse, hypotension and faint- 
ing. 


The diagnosis of spinal injury may be sug- 
gested by the clinical symptoms but can only 
be made definitely by roentgen examination. 
Before examining the lumbar column the intes- 
tinal contents must be rendered uniform by the 
evacuation of gas and fecal matter with a ca- 
thartic — not by enema — and stimulation of in- 
testinal peristalsis. A correct diagnosis can only 
be made with a lateral view. Both right and 
left views should be made and when a series of 
roentgenograms is made they should be marked 
right or left. Generators of high efficiency and 
tubes with a minimum focal spot must be used. 
Tubes with a rotating anode are almost neces- 
sary. The lesions shown by roentgen examina- 
tion may include osteoporosis, segmental or 
generalized, hyperostosis in the form of parrot 
beaks or bone bridges, caries of various degrees 
and localizations, deformities of the discs which 
may extend even to total disappearance, and 

abscesses of the vertebrae. 

Prognosis is serious, not only on account ot 
the spinal injury but of the general mfection. 
The disease is an occupational one which may 
be contracted in handling hides, wooing m 
dairies, making cheese, etc. It must be differ- 
entiated from other forms 
are not occupational and 

tions involved should be unclerstood.-Aud; ey 

G. Morgan. 

PraRiEL, Pablo, Risso, R., and 
Localizacion de !a bruceiosis en 
vertebral. (Localization of brucelte.s in tiR 
.ninal column.) Radioh'im, Sept.-Dcc., 1943, 


6 , 243-260. 
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The authors made a study of brucellosis of 
the spinal column based on 35 cases. Their 
cases were all in men. In general the statistics 
show a proportion of 8 men to i woman. The 
condition is found most frequently in the dorso- 
lumbar column and rarely in the cervical 
column. They think the localization is deter- 
mined by the amount of bone marrow in the 
affected vertebrae. Fonuerly brucellosis of the 
spinal column was thought to be rare but this 
was because the lesions visible roentgenological- 
ly do not appear until the chronic stage of the 
disease. The authors’ 35 cases constituted 62. 
per cent of the total number of cases of brucel- 
losis examined; they made a systematic roent- 
gen study of the spinal column in all cases of 
brucellosis seen. There were no abscesses of the 
vertebrae in their cases, probably due to the 
fact that they were caused by B. abortus rather 
than B. melitensis. 

The clinical symptoms are pain and sweating 
in the acute stage and in the chronic stage in- 
creasing localization of the pain in a -definite 
segment of the spinal column with limitation of 
movement of the column, especially flexion. 
The pain does not stop on rest, which is a dif- 
ferential point from Pott’s disease. Contracture 
of the paravertebral muscles also takes place, 
which helps to bring about rigidity of the spine. 

The roentgenogram shows areas of decalcifi- 
cation and areas of condensation in the verte- 
brae. The process begins in the lamina of the 
vertebrae and when they are eroded hernia of 
the nucleus pulposus may take place. The hy- 
perostosis may lead to the formation of parrot 
beaks and bridges of bone between the verte- 
brae. Decalcification may lead to flattening and 
finally breaking down of the vertebrae. Many 
roentgenograms are given showing the various 
changes in form of the vertebrae caused by the 
disease. These are not specific, however, and 
may be caused by other inflammatory diseases 
of the spinal column. Diagnosis cannot be based 
on roentgen examination alone but must include 
a study of the patient’s occupational history 
and of the clinical condition, particularly of a 
history of a characteristic brucellosis fever in 
the early stages. The specific biological reac- 
tions are important in diagnosis. Intradermal 
injection of a suspension of dead Brucella 
causes an intense general and local reaction. 
rludrey G. A'lorgan. 

Ottolenghi, C.A.RLOS E. Sobre el diagnostico 

do las lesions vertebrales por la biopsia por 


aspiracion. (Diagnosis of vertebral lesions by 
aspiration biopsy.) Radiolog'ia, Sept.-Dee., 
1943, d, 288-291. 

There are diseases of the spinal column in 
which diagnosis either by clinical or roentgen 
examination is difficult or impossible. . 4 s surgi- 
cal biopsy of the vertebrae is not advisable the 
author recommends in such cases the use of 
aspiration for obtaining biopsy material. He 
has devised an instrument for puncture and as- 
piration. This instrument and the technique of 
its use are illustrated by photographs. The ma- 
terial obtained in the aspirating syringe is 
placed in physiological solution and subjected 
to histological and bacteriological examination. 
He has practiced aspiration biopsy in 60 cases 
without having seen any ill effects from it and 
the information obtained was extremely useful 
in diagnosis. — Audrey G. Morgau. 

C0RSELL.A.S, M. M. Tumores malignos primi- 
tivos del raquis. (Primary malignant tumors 
of the spinal column.) Radiologia, Sept.-Dee., 
1943, 6 , 279-287. 

Primary tumors of bone are rarely localized 
in the vertebrae. Among the 263 cases of bone 
tumor studied by the authors only 7 were in the 
spinal column, or 2.65 per cent; 3 of these were 
osteogenic sarcoma, 2 Ewing’s sarcoma and i a 
plasmocytoma. 

The roentgen images of osteogenic sarcoma, 
Ewing’s sarcoma, myeloma and chordoma are 
described and illustrated with roentgenograms 
and photomicrographs of the histopathological 
findings are given. 

Osteogenic sarcoma may be osteolytic or os- 
teoplastic. The intervertebral disc is generally 
not affected. Late in the disease the tumor may 
break down the vertebra and invade the sur- 
rounding tissues, giving pictures that resemble 
those of Pott’s disease. Pathological fractures 
are frequently seen in the last stages of these 
tumors. Early diagnosis is difficult, however, 
and sometimes paraplegia or paresthesias de- 
velop before tumor is suspected and roentgen 
examination made. The indemnity of the inter- 
vertebral disc is a point of differentiation from 
Pott’s disease and other forms of spond) litis, 
such as those of typhoid fever, Malta fever, 
staphylococcus spondylitis, etc. 

j-Qgiitggii diagnosis can be made of malig- 
nant tumor of the spinal column but never of 
its nature. Microscopic diagnosis is often diffi- 
cult also. — Audrey G. ALorgan. 
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entiation from fracture xuusl oe oasea on tne 
history and clinical examination as differentia- 
tion is not always possible from the roentgeno- 
gram. 

The article is freely illustrated with roent- 
genograms of the different types of tumors 
studied. — Aud7'ey G. Mot'gati. 

C.-iwiNHA, Nicola C. Estudo radiologico dos 
tumores, sem o emprego de ineios de con- 
traste. (Roentgen study of tumors without 
the use of contrast media.) Radiologta^ 
Sept. -Dec., 1943, d, 220-234. 

The roentgen literature in general says that 
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Caro David L., and Inoer. Ed.„iwdo. 
a or chmeo de la exploracion radiologica 
de la articulacidn sacro-ih'aca. (Ciinicui value 
of_ roentgen examination of the sacroiliac 
joint.) Radiologia, Sept.-Dee., 194^ 6, 260- 
2yS. > / 

In order to make a complete and correct 
roentgen examination of the complicated sacro- 
iliac region, the patient should be placed sym- 
metrically with reference to the film and the 
tube focus; anteroposterior, posteroanterior and 
oblique projections with different licgrecs of 
rotation around 43° should be used. The central 
ray should be directed on the segment of the 

i. A. E _ . * . . ! > • 1 ri 


the L or ray should be directed on the segment of the 

tebrae can always be seen. The differ- joint that is to be studied. Routine interjirera- 

acture must be based on the tion should be avoided and a very careful stiulv 
:ai examination ns rMn^frT_ .r-iT I . 


made of each individual case. 

The anatomy of the joint is described and 
diagrammatic sketches of its consririienr pans 
given; also a diagrammatic drawing of the 
roentgen image of the joint. 

The authors conclude frum their c.xjicricnce 
that lesions of the siicroiliac joint precede in- 
flammatory and ilegenerarive Icsmiis ot the 
spinal column; that they are an early phase o) 
the latter and the only stage that can really he 
cured, and therefore they deserve much mure 
careful attention on the part of ritentgcnoh yi'-t'. 
than has hcrettxfore been given them.- .luJrey 
G. Morgan. 
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roentgen-ray equipment problem, 673 
roentgen therapy in (abs), 103 
station hospital, body section roentgenography 
at, 312 

Arteries, coronary, visualization of, in dogs, 57 
Artery, anomalous right subclavian, 270 
Arthropathy, tabetic, of hip (abs), 320 
Ashbury, Howard El.mer 1S80-1945, obituary, 307 
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Cardiovascular roentgen silhouette, normal (abs), 
537 

Carman Lecture. See Caldweil-Carman Lecture 
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Ductus arteriosus, calcification in, 370 

patent, results of surgical intervention (abs), 750 
untreated patent, prognosis of (abs), 750 
Dyes, ut'ilization of antibody for localization of, in 
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sis of internal derangements of, 462 
Kymograph. See Electrokymograph 

Larynx, cancer, criteria for selection of method of 
treatment (abs), 105 

cancer, radiotherapeutic test as aid in choice be- 
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Meter, roentgen-ray output (abs), 436 
Mice, acute roentgen death in, 723 

C3H, tissue changes produced in, by 50 r whole 
body exposure (abs), 434 
studies on roentgen death in, 449, 457 
Moore, Vernor M. 1886-1944, obituary, 84 
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wartime, in Nav’y (abs), 214 
Radiotherapeutic test as aid in choice between 
operation and irradiation in cancer of 
larynx (abs), 327 

Radiotherapa', combined, of carcinoma cervix uteri 
(abs), 432 

for leukemia, basal metabolic rate in manage- 
ment of (abs), 326 

Radium applicators, linear, slide rule for determina- 
tion of dosage from, 72 

dosage, calculation of, along longitudinal axis of 
linear sources, 296 
in conduction deafness (abs), 105 
therapy applicators, surface, absorption of 
gamma rays in (abs), 21 6 
treatment. See also Teleradium treatment 
tubes, recovery of, from sewer (abs), 436 
Radox impregnated vaseline ointment, treatment of 
late irradiation ulcers by (E), 408 
treatment, intermittent, nomogram for evalua- 
tion of, 78 

Ramus, inferior pubic, march fracture of (abs), 98 
Reprixts wanted by French radiologists, 415 
Resolutiox coefficient of roentgen film or fluoro- 
scopic screen, 395 

Resolvixg power, maximvmi, of roentgen film or 
fluoroscopic screen, 395 
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surgical treatment in (abs), 326 
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response to (abs), 213 
death, acute, in mice, 723 
death in mice, studies on, 449, 457 
diagnosis in urologic disorders, 626 
examination of sacroiliac joint, clinical value of 
(abs), 756 

images, physical factors controlling diagnostic 
quality of, 128, 395 

radiation, stray, photographic estimation of, re- 
ceived by hospital roentgen-ray personnel 
(abs), 214 

-ray beams in direct opposition, data concerning 
use of (abs), 215 

ray, celebration of fiftieth anniversary of discov- 
ery of, by New England Roentgen Ray 
Society, 531 

ray, celebration of fiftieth anniversary of discov- 
ery of, in Cleveland, 531 
-ray equipment and supplies, federal regulations 
affecting allocation of (abs), 214 
-ray equipment problem of Army, 673 
-ray equipment, tomographic attachment suit- 
able for (abs), 434 

ray, fiftieth anniversary of discovery of (E), 744 
-ray output meter (abs), 436 
-ray survival curves, influence of biological fac- 
tors on form of, 290 
-ray tube, experiences with, 583 
-ray tube, physical meastArements with 500 kv. 

continuously evacuated (abs), 215 
rays, high energy, protection against, 553 
rays in gastroenterology, fifty years of, 607 
rays in stvtdy of heart, history of, 647 
rays in warfare, history of use of, 649 
rays, role of inflammation in induction of cancer 
by (abs), 435 _ 

rays, salient factors in treatment of Hodgkin’s 
disease and lymphosarcoma with, 707 
rays, 20 million Amlt, biological evaluation of, 
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silhouette, normal cardiovascular (abs), 537 
therapy, contact, in cancer of bladder, 392 
therapy, history of dosimetry in, 688 
thenapy in Army (abs), 103 
therapy, response of skeletal metastases in can- 
cer of breast to, 156 

treatment of cervical lymphadenitis (abs), 104 
treatment, Scott wide field (abs), 103 
Roextgexograms, early American, 590 

lateral, of femoral neck, device for seaming 
proper alignment of, 535 
of chest, method for improving, 420 
surA’^ey, diagnosis of acute surgical abdomen 
from (abs), 201 

Roextgexographic interpretation of acute hematog- 
enous osteomyelitis treated with penicillin, 
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tiimor, of renal vein, surgical and prognostic 
significance of (abs), ao8 
Thu.mb, triphalangeal (abs), 98 
Tibia, march fracture of (abs), 100 

two congenital deformities of (abs), 2 -- 
Tirah Campaign, history of use of roentgen ray in, 
649 

Tissue changes produced in C3H mice by 50 r whole 
body exposure (abs), 434 
irradiated, spatial distribution of ionization in, 
relation to biological effects (abs), 434 
response, differential, to neutron and roentgen 
radiations (abs), ai3 

Tissues, utilization of antibody for localization of 
metals and dyes in, 704 

Tomographic attachment suitable for most x-ray 
plants (abs), 434 

Tracheobronchitis, tuberculous (abs), 42.9 
Tricuspid insufficiency, Ebstein type of, 136 
Triphalangeal thumb (abs), 98 
Tuberculosis, advanced, harmful influence of preg- 
nancy on, modified by collapse therapy 
(abs), 200 

Army roentgen examination for (abs), 423 
extrapulmonary, pulmonary manifestations in 
(abs), 428 

in industry (abs); 423 

in joints of extremities, differential diagnosis, 329 
in mentally ill patients (abs), 425 
laryngeal, roentgen therapy of (abs), 106 
pelvic, in female, roentgen therapy of (abs), 433 
physiological changes in breath sounds and 
(abs), 425 

pulmonary, bronchiectasis secondary to (abs), 
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pulmonary, cardiac symptoms in persons with 
distortion of mediastinum due to (abs), 750 
pulmonary, determination and treatment of 
pressure cavities in (abs), 201 
pulmonary, pleural effusions in (abs), 426 
pulmonary, roentgen aspects of therapeutic 
pneumoperitoneum in, 375 
roentgenology of digestive tract in persons rvith 
(abs), 751 

round pulmonary focus in (abs), 430 
scaphoid scapula in (abs), 430 
tuberculous infection in persons dying of causes 
other than (abs), 427 
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Tumor, adrenal like, associated with Cushing’s syn- 
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benign giant cell, of spine, 512 
giant cell, of lower femur (abs), 433 
Wilms', roentgen therapy of (abs), 327 
Tumors, benign, of colon, roentgen diagnosis, 276 
benign, of larynx, roentgen treatment of (abs), 
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benign pelvic, urinary tract changes with (abs), 
209 

bone, exhibit on, of Dr. John T. Murphy, dispo- 
sition of, 529 


bone, roentgen diagnosis, 234 
in one of homologous twins, 179 
malignant and nonmalignant, castration in 
(abs), 328 

malignant, of kidney (abs), 208 
malignant, of upper jaw (abs), 197 
mixed, of salivary glands (abs), 104 
primary malignant, of spinal column (abs), 755 
roentgen study of, without use of contrast media 
(abs), 756 

Twins, homologous, tumors in one of, 179 

Ulcers, late irradiation, treatment of, by radon 
impregnated vaseline ointment (E), 408 
Urinary tract changes with benign pelvic tumors 
(abs), 209 

Urologic disorders, roentgen diagnosis in, 626 
Uterus, cervix, cancer, irradiation failures in early, 
60 

cervix, carcinoma, coincident with pregnancy 
(abs), 431 

cervix, carcinoma, end results (abs), 432 
cervix, carcinoma, factors pertaining to control 
of (abs), 212 

cervix, carcinoma, planning of combined radio- 
therapy of (abs), 432 

fundus, carcinoma, management and treatment 
(abs), 328 

Vascular system, production of growth by action of 
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V.ASELINE OINTMENT, tadon impregnated, treatment 
of late irradiation ulcers by (E), 408 
Vein, renal, surgical and prognostic significance of 
tumor thrombosis of (abs), 208 
Veins of extremities, method for obtaining veno- 
grams of (abs), 102 

Venograms of veins of extremities, method for ob- 
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Venography of lower extremities (abs), 102 
Venous system, entrance of pantopaque into, during 
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Vertebr-ie, development of, correlation between 
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diagnosis of lesions of, by aspiration biopsy 
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Vertebral column. See Spine 
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War of Souda.n, history of use of roentgen ray in, 
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Warfare, history of use of roentgen ray in, 649 
Wartime radiology and peacetime problems (E), 302 
Wilms’ tu.mor, roentgen therapy of (abs), 327 
World War I, history of use of roentgen ray in, 649 
World War II, history of use of roentgen ray in, 649 
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